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           RESUMO 
 
As cerâmicas são usadas rotineiramente para confecções de restaurações 
indiretas tais como inlays, onlays e coroas totais, devido às suas várias 
vantagens. Existem diversas técnicas de preparo cavitários para cada uma 
delas, sendo que devemos priorizar menor desgaste dentário, melhor 
comportamento biomecânico, simplicidade de técnica, e, além disso, deve-se 
considerar a quantidade de estrutura remanescente e se o dente é ou não tratado 
endodonticamente. Esta tese de doutorado possui três objetivos específicos: 1) 
Avaliar o efeito da configuração do preparo cavitário e da composição cerâmica 
no comportamento biomecânico de restaurações indiretas em molares vitais. 
Quarenta molares foram divididos em quatro grupos (n=12), submetidos a teste 
de resistência à fratura, modo de falha, deformação, e análise por elementos 
finitos.  2) Analisar as bolhas internas e integridade marginal do cimento resinoso 
e a adaptação de restauração indireta em molares vitais com diferentes preparos 
cavitários e diferentes cerâmicas. Vinte molares divididos em quatro grupos 
(n=5), foram escaneados usando o micro-CT 3D de alta resolução para 
contagem do volume e porosidade do cimento resinoso. 3) Investigar em estudos 
“in vivo” e “in vitro” preparo para dentes tratados endodonticamente com grande 
perda de estrutura dentária utilizando a técnica endocrown. Na revisão 
sistemática, sessenta estudos tiveram seus dados extraídos e avaliados. Após a 
análise estatística dos dados destes estudos, as onlays cerâmicas de dissilicato 
de lítio tiveram significantemente maior resistência à fratura que as reforçadas 
por leucita, e os preparos com caixas proximais e oclusais restaurados por 
cerâmica de dissilicato de lítio tiveram diminuição significativa da resistência à 
fratura. No modo de falha, onlays de dissilicato de lítio resultaram em fraturas 
mais catastróficas independente da geometria do preparo cavitário. Os preparos 
feitos com caixas proximal e oclusal resultaram em uma deformação similar ao 
preparo sem as caixas. Na adaptação marginal o preparo sem caixas apresentou 
menor volume e porosidade do cimento resinoso do que com caixas. Na revisão 
sistemática, os estudos “in vitro” mostraram que as restaurações endocrown 
apresentaram um preparo mais conservador, com biomecânica tão boa quanto 
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a técnica clássica com pino de fibra de vidro, preenchimento de resina composta 
e coroa total cerâmica. Apesar dos estudos clínicos apresentarem resultados 
satisfatórios de dentes restaurados com endocrown, eles são insuficientes para 
confirmação clínica desta técnica. De acordo com as limitações deste estudo, as 
cerâmicas reforçadas por leucita teve menor deformação coronal e menor modo 
de falha. A espessura homogênea das restaurações influenciou em menor 
porosidade e volume no cimento. Foram observados que preparos mais 
conservadores, como onlay sem caixas proximais e oclusais e os preparos 
endocrowns, além de tornar uma técnica mais fácil e rápida, aumentaram a 
resistência à fratura. No entanto, são necessários estudos clínicos longitudinais 
para a comprovação destas técnicas de restaurações indiretas. 
 
Palavras-chaves: cerâmica, onlay, endocrown, resistência fratura, deformação, 





















































Ceramics are used for indirect restorations such as inlays, onlays and full crowns, 
due to their advantages. There are some cavity preparation designs for each of 
them, and we should prioritize preservation of tooth structure, better 
biomechanical behavior, simplicity of technique, and, in addition, we must 
consider the tooh structure remaining for vital tooth and for endodontically treated 
tooth. This doctoral thesis has three specific objectives: 1) To evaluate the effect 
cavity preparation design and ceramic type on biomechanical behavior of indirect 
restorations in vital molars. Forty molars were divided into four groups (n=12), 
submitted to fracture resistance, failure mode, stress distribution and finite 
element analysis. 2) To analyze the internal and marginal integrity of the resin 
cement and the adaptation of indirect restoration in vital molars for different cavity 
designs and different ceramics types. Twenty molars divided into four groups 
(n=5) were scanned using the high-resolution 3D micro-CT for calculate the 
porosity and volume of the cement. 3) To investigate “in vivo” and “in vitro” the 
endocrown technique cavity design for endodontically treated teeth with 
extensive loss of tooth structure. In the systematic review, sixty studies had their 
data extracted and evaluated. After data analysis from these studies, the lithium 
disilicate ceramic onlay exhibited significantly higher fracture resistance than 
leucite ceramic, and the presences of boxes on disilicate ceramic restorations 
reduced significantly the fracture resistance. The failure mode distributions 
showed that the lithium disilicate ceramic resulted in more severe failure mode 
irrespective of cavity preparation. The cavity design with boxes resulted in a 
coronal deformation similar to cavity designs without boxes. The marginal 
adaptation on the non-boxes preparation design decresed the volume and 
porosity in resin cement compared with boxes. In the systematic review, the “in 
vitro” studies showed that the endocrown restorations presented a more 
conservative preparation design and presents biomechanical advantages with a 
same performance in a classical technique design restoration with fiberglass 
post, composite resin core and full ceramic crown. Despite the clinical studies 
presents satisfactory results of teeth restored with endocrown, they are 
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insufficient for clinical confirmation of this technique. Within the limitations of this 
study, the ceramics reinforced by leucite had less coronal deformation and failure 
mode. The homogeneous thickness of ceramic restorations influenced in less 
porosity and volume in the resin cement. It was observed that more conservative 
preparations designs, such as onlay without proximal and occlusal boxes and the 
endocrown preparations designs, requires less chair time because there are 
fewer procedures, and besides being easier and faster techniques, they also 
present greater resistance to fracture. However, longitudinal clinical studies are 
needed to prove these indirect restoration techniques. 
 
Keywords: ceramic, onlay, endocrown, fracture resistence, deformation, micro 
































































1. INTRODUÇÃO E REFERENCIAL TEÓRICO 
 
 O interesse e a valorização da Odontologia Estética têm sido marcantes 
na última década. A procura por restaurações que devolvam a função, fonética 
e a cor natural dos dentes tem aumentado. Assim, as cerâmicas podem ser 
consideradas uma excelente alternativa de material restaurador estético 
posterior (Pagani et al., 2003). 
Devido à sua natureza friável as restaurações cerâmicas estão 
susceptíveis a fratura devido a pequenas falhas ou trincas sob a aplicação de 
força, que ocorre com pequena ou nenhuma deformação plástica.  Vários  
fatores  estão  associados  à iniciação e propagação de trincas nas restaurações 
cerâmicas, dentre eles: forma da restauração, falta  de  homogeneidade  micro  
estrutural,  dimensão  e  distribuição  das falhas de superfície, tensões residuais 
induzidas por polimento ou processamento térmico, meio em contato com a 
restauração, características da interface cerâmica-cimento, espessura e 
variação da espessura da restauração, módulo de elasticidade dos componentes 
da restauração e magnitude e orientação das forças aplicadas (Wu et al., 2009; 
Abou-Madina et al., 2012). 
Entre as cerâmicas odontológicas, a cerâmica feldspática é muito utilizada 
devido à sua alta translucidez, que proporciona uma fiel mimetização do esmalte 
natural. No entanto, devido a sua baixa resistência mecânica, é indicada como 
recobrimento em restaurações multicamadas e restaurações cerâmicas parciais. 
(Øilo & Gjerdet, 2013). Tentando contornar esse problema, surgiram as 
cerâmicas reforçadas por meio da adição de leucita, dissilicato de lítio, silicato 
de lítio reforçado com zircônia, alumina e zircônia. No entanto, resistência 
mecânica e propriedades estéticas são indiretamente proporcionais, e, por isso, 
as indicações desses materiais acabam sendo limitadas (Silva et al., 2017). 
Enquanto as falhas mais comumente relacionadas com as restaurações 
metalocerâmicas estão associadas com fraturas ou cáries nos dentes pilares, 
(Walton et al., 2003) a complicação clínica mais comumente relatada na falha de 
restaurações totalmente cerâmicas é a fratura da cerâmica de cobertura e/ou da 
infraestrutura (Bindl et al., 2005; Fradeani et al., 2005). 
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 Existem diversas técnicas para aplicação da cerâmica de cobertura sobre 
a infraestrutura, entre elas, as técnicas de estratificação, injeção ou computer 
aided design/computer aided machining (CAD/CAM). Todas essas técnicas 
visam a otimizar a resistência dessa camada e, em alguns casos, reduzir o 
estresse na geração de calor residual (Corazza et al., 2015)  
Um fato controverso diante da reabilitação de dentes posteriores é o limite 
definido entre a indicação de técnica direta e o emprego de técnicas 
restauradoras indiretas, envolvendo fatores estéticos, biomecânicos, anatômicos 
e financeiros (Soares et al., 2006). 
Um elevado sucesso das inlays e onlays é observado quando se utiliza 
um protocolo correto quanto ao preparo do dente, espessura adequada de 
suporte e ajuste oclusal correto da peça instalada. Além disso, a qualidade e 
durabilidade da união entre o material e o dente também garantem o sucesso 
clínico das restaurações cerâmicas, sendo que a composição da cerâmica tem 
um significante efeito na resistência à fratura da união dentina-cerâmica (Tekçe 
et al., 2016).  
Na reabilitação de dentes com grande destruição coronária é um desafio 
clínico e um assunto que tem sido discutido na literatura ao longo do tempo, 
principalmente em dentes não-vitais. A redução na rigidez e resistência à fratura 
de dentes tratados endodonticamente é a perda de integridade estrutural 
associada a cargas oclusais, trauma e preparo cavitário extenso, e também 
devido à remoção da polpa e dos tecidos circunvizinhos da dentina. (Zhu et al., 
2015, Chang et al., 2009). 
Geralmente, são necessários retentores intra-radiculares combinados ou 
não com núcleos de preenchimento, pois a retenção coronal das restaurações 
fica comprometida. Os pinos intra-radiculares alcançaram sucesso clínico, 
porém a grande desvantagem deste sistema é afetar o comportamento 
biomecânico dos dentes restaurados (Roscoe et al., 2013) e aumentar a 
remoção de tecido sadio necessário para a colocação do pino no canal radicular 
(Lazari et al., 2013). 
O termo "endocrown" foi definido pela primeira vez por Bindl e Mörmann 
(1999) como uma construção de cerâmica monolítica ligada à estrutura do dente 
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por material adesivo. Com mínima invasão do canal radicular, que é um fator 
importante para a preservação de estrutura dentária, a endocrown, é capaz de 
fornecer uma adesão adequada de uma restauração de cerâmica (Sevimli et al., 
2015). As restaurações endocrown são ancoradas na porção interna da câmara 
pulpar e nas margens da cavidade, resultando assim em processos macro e 
micro-mecânicos retenção, proporcionada pelas paredes pulpares e cimentação 
adesiva, respectivamente Bindl e Mörmann (1999) e El-Damanhoury et al. 
(2015). Além da vantagem de remover menores quantidades de tecido sadio em 
comparação com outras técnicas, essa técnica restauradora exige menor tempo 
clínico pois são menos etapas. A outra vantagem é de possuir maior dissipação 
das tensões mastigatórias recebidas no complexo dente/restauração ao longo 
da estrutura dentária (Sevimli et al., 2015). As endocrowns são indicadas quando 
há grande destruição da coroa, quando o espaço interoclusal é limitado e 
reabilitação tradicional com pino e coroa não é possível por causa de inadequada 
espessura cerâmica, Sendo assim, dentes com coroas clínicas curtas ou 
atrésicas, calcificadas, canais radiculares curvos também são uma indicados 
nesse tipo de reabilitação (Sevimli et al., 2015; Rocca et al.,2015). 
Os princípios que regem o preparo para Endocrown seguem o mesmo 
padrão dos princípios dos preparos para restaurações indiretas Inlay e Onlay. 
Segundo Clavijo et al.(2007), o preparo deve ser realizado utilizando-se pontas 
diamantadas de extremo arredondado no formato tronco-cônicas, que conferem 
expulsividade de aproximadamente 10º nas paredes axiais da câmara pulpar e 
resultam em ângulos internos arredondados. A oclusal precisa possuir 3mm para 
conferir adequada espessura a cerâmica e o término do preparo deverá ser feito 
com pontas cilíndricas no nível gengival.  
As caixas proximais e oclusal dos preparos para onlays, inicialmente 
usadas para ganhar retenção ao preparo cavitário, se tornam questionáveis 
quando tão consolidadas as reabilitações livres de metais. As restaurações livres 
de metais podem ser usadas com técnicas adesivas que dispensariam retenções 
por meios mecânicos, salientando a discussão em torno da necessidade das 
caixas oclusais e proximais dos preparos para onlays e se a adequação do 
preparo cavitário ao material restaurador terá influência sobre a deformação e 
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resistência à fratura do elemento dental. Da mesma forma, as restaurações 
endocrown, que embora vem crescendo novamente na popularidade, ainda fica 
dúvidas sobre o comportamento biomecânico e o prognóstico desse tipo de 
tratamento reabilitador comparando com o tratamento convencional com pinos 
intra-radiculares. 
Na análise biomecânica das estruturas dentais e materiais restauradores, 
os ensaios mecânicos destrutivos para análise da resistência à fratura são 
importantes meios de análise do comportamento do dente em situações de 
aplicação de cargas pontuais e de alta intensidade. Porém apresentam 
limitações com relação à obtenção de informações do comportamento interno do 
complexo dente restauração. Parece apropriado para resposta mais precisa à 
interferências de pequenos fatores no processo restaurador que se empregue  
associação de metodologias não destrutivas, quer experimentais; (Krance et al., 
2018) ou por análises computacionais (Ausiello et al., 2004; Schmitter et al., 
2012; Liu et al., 2018) à ensaios mecânicos convencionais.  
Uma importante ferramenta cada vez mais frequente na análise de 
comportamento mecânico de estruturas dentais e materiais restauradores é o 
método de elementos finitos. Vários estudos têm abordado análises 
comparativas de elementos finitos de forma isolada (Rodrigues et al., 2009; 
Ausiello et al., 2004; Lin et al., 2008), associadas com ensaios não-destrutivo, 
como extensometria (Valdivia et al., 2018). 
Tensões são geradas a partir da aplicação de carga sobre uma estrutura 
que resultam em deformações estruturais, se estas se acentuam ultrapassando 
o regime elástico pode resultar em ruptura da estrutura. Neste processo, a 
associação de metodologias representa a possibilidade de analisar 
sequencialmente este processo contínuo e cíclico. Algumas tecnologias têm sido 
empregadas para análise de deformação (Palin et al., 2005) e extensômetros.  
De acordo com Sakaguchi et al. (1991) e Soares et al. (2013) um bom método 
para mensuração de deformações externas é a utilização de extensômetros 
aderidos na face externa da estrutura dental.  
A adaptação marginal de coroas protéticas é fator vital para o sucesso em 
longo prazo, porque o cimento é um agente fraco de ligação no processo 
21  
restaurador (Lin et al., 2012). Quando a dissolução do cimento ocorre, uma fenda 
é estabelecida entre a dentina e a coroa. A medição da fenda marginal, que é 
uma medição perpendicular a partir da superfície interna da coroa para a 
margem do dente preparado, têm sido relatada na literatura para estabelecer a 
comparação entre métodos de obtenção do modelo virtual (Rocca et al., 2016; 
da Costa et al., 2010).  Diferentes técnicas têm sido escolhidas para avaliar a 
adaptação marginal de coroas. Uma nova técnica que utiliza micro-tomografia 
computadorizada (micro-CT) foi utilizada para investigar a desadaptação, e tem 
a vantagem de ser não destrutiva (Liu et al., 2018, Krasanaki et al., 2012). Esta 
técnica permite a investigação de pequenos objetos em 3D com alta resolução. 
A desadaptação marginal é obtida dentro do intervalo de alguns micrometros em 
vários locais e direções (Seo et al., 2009). 
A resistência à fratura de um dente está diretamente relacionada à 
quantidade de estrutura sadia remanescente que o mesmo possui. A remoção 
das cristas marginais, o aumento na largura do istmo e o aumento na 
profundidade do preparo no sentido ocluso-gengival são as principais razões 
para a diminuição dessa resistência (Mondelli et al., 1980; Mondelli et al., 2007) 
em um dos seus estudos compararam a resistência à fratura de pré-molares 
superiores humanos sadios com diferentes larguras de cavidade, provando que 
a remoção de tecido dentário afeta significativamente a resistência à fratura de 
dentes.  
Define-se revisão sistemática como a aplicação de estratégias científicas 
que limitam o viés na seleção sistemática, na avaliação crítica e na síntese de 
todos os estudos relevantes em um tópico específico. A revisão sistemática é 
uma revisão planejada para responder a uma pergunta específica e que utiliza 
métodos explícitos e sistemáticos para identificar, selecionar e avaliar 
criticamente os estudos publicados  na literatura científica, evitando o viés em 
cada uma de suas etapas. Os métodos estatísticos - como a meta-análise, 
utilizada na revisão sistemática para integrar os resultados dos estudos incluídos 
- podem ou não ser utilizados na análise e na síntese dos resultados dos   
trabalhos (Straus et al, 2005; Khan et al, 2001; Olkin I, 1995) 
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As técnicas de preparo das restaurações indiretas e o material restaurador 
é um assunto pertinente no cotidiano dos cirurgiões dentistas. Sendo assim 
estudos laboratoriais associados a estudos clínicos randomizados e uma revisão 
sistemática são essenciais para o profissional tomar decisões sobre o 
















































O objetivo geral do presente estudo foi avaliar as características 
biomecânicas e adaptação marginal de restaurações indiretas de 
cerâmica em dentes vitais e em dentes não-vitais.    
        
Objetivos específicos 
 
Objetivo específico 1 
 
Capítulo 1 – Effect of cavity preparation design and ceramic type on 
the stress distribuition, strain and fracture resistance of CAD/CAM 
onlay in molas. 
 
O objetivo deste estudo foi avaliar o comportamento biomecânico 
em dois de dois tipos de preparos cavitários: preparo convencional com 
caixas proximais e oclusal e preparo conservador sem caixas proximais e 
oclusais; e do tipo do material cerâmico: leucita e dissilicato de lítio. A 
hipótese nula é que o tipo de cerâmica e preparo cavitário não têm efeito 
sobre o dente remanescente na resistência à fratura, modo de falha, 
distribuição de tensõe e  deformação  de  restaurações  indiretas  do  tipo  
onlay. 
 
Objetivo específico 2 
 
Capítulo 2 – Micro-CT analysis on different cavity preparations 
designs restored by CAD-CAM ceramics.    
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O objetivo deste estudo foi analisar por meio do Micro CT, a 
adaptação marginal e integridade interna do cimento resinoso em dois de 
dois tipos de preparos cavitários: preparo convencional com caixas 
proximais e oclusal e preparo conservador sem caixas proximais e 
oclusais; e no tipo do material cerâmico: leucita e dissilicato de lítio. A 
hipótese nula é que o preparo cavitário e o tipo cerâmico não 
influenciaram na porosidade e no volume marginal e interno do cimento e 
na adaptação das onlays cerâmicas feitas CAD/CAM. 
 
Objetivo específico 3 
 
Capítulo 3 – Oral rehabilitation with endocrown: a systematic 
review 
 
O objetivo deste estudo foi investigar em estudos, tanto “in 
vitro” quanto “in vivo” no efeito da configuração do preparo cavitário 
em dentes tratados endodonticamente com grande perda de 
estrutura dentária utilizando a técnica do tipo endocrown por meio 



































































3.1. CAPÍTULO 1 
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ABSTRACT 
Objective: This study aimed to evaluate the marginal and internal integrity of resinous 
cement of different CAD/CAM ceramic restorations cemented on conventional and 
conservative preparation design. 
Material and Methods: Twenty human mandibular teeth were divided into four groups 
onlay cavity preparation with proximal and occlusal boxes made with leucite ceramic (BL 
group); onlay cavity preparation without proximal and occlusal boxes made with leucite 
ceramic (NBL group); onlay cavity preparation with proximal and occlusal boxes made 
with lithium disilicate glass ceramic (BD group); onlay cavity preparation without 
proximal and occlusal boxes made with lithium disilicate glass ceramic (NBD group). 
The samples were scanned by using high-resolution 3D micro-CT scanner and the images 
were reconstructed. The 3D software analysis tool was used to calculate the volume of 
bubbles and porosity of the cement for visualization and qualitative and quantitative 
evaluation of the specimens. The marginal and internal analysis data were tested for a 
normal distribution (Shapiro-Wilk) and equality of variances (Levene’s test). The values 
were submitted to a two-way ANOVA followed by Duncan’s tests. 
Results: The cavity design (p ˂00.5), ceramic type (p ˂00.5) and the interaction between 
the two factors (p ˂00.5) were all significant on the porosity and volume respectively. 
The group with box demonstrated significative difference for ceramics. The lithum 
disilicate ceramic have higher percentage of porosity and higher volume of bubles. 
 
Conclusion: With the limitations of this study, using 3D micro-CT, the preparation design 
without boxes presented a smaller volume and porosity in the cement than cavities with 
boxes. The homogeneous thickness of ceramic restorations and leucite reinforced ceramic 
influenced in less porosity and volume, which could be considered clinically acceptable. 
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INTRODUCTION 
All-ceramic indirect restorations present excellent aesthetics and predictable 
fracture resistance1.The clinical success of ceramic restorations depends on the margin 
and internal adaptation to the cavity preparation12. Tooth preparation designs for posterior 
ceramic restorations have been based on traditional cast metal restoration designs, with 
the presence of proximal and occlusal boxes but with more expulsive designs9. These 
preparations can involve the removal of considerable tooth structure11, which may lead 
to lower fracture resistance 10. 
The primary causes of failure of ceramic inlay or onlay restorations are cohesive 
bulk fractures and marginal deficiencies13, which manifest clinically as marginal 
discoloration and secondary caries14. Ceramic restorations can be manufactured in the 
laboratory or milled chairside from ceramic blocks using Computer Aided 
Design/Computer Aided Manufacture (CAD/CAM) technology15. Several all-ceramic 
systems, such as leucite and lithium disilicate CAD/CAM systems, have been introduced 
to reduce these drawbacks16. CAD/CAM ceramic materials are manufactured under 
optimized conditions, which can minimize voids and volume defects16,17. The sharp 
angles would induce stress concentration and crack initiation and propagation18. The 
machining system of the prosthetic part, especially the shape of the drill bit and its 
thickness, cannot reproduce angles of this type. The sharp angles would induce stress 
concentration and crack initiation and propagation.  
The cementation process can influence the adaptation and biomechanical 
performance of a ceramic restoration. Resinous cements consist of a matrix of 
polydimethacrylate and inorganic fillers that are polymerized by rapid reactions of free 
radicals when mixed and submitted to light24. Volume reduction during the 
polymerization process of the resinous cement, which result in shrinkage stress, is 
recognized as important factor that affects the integrity between the restoration and the 
structure of the tooth, and the formation of porosity or gaps25. Porosity can also greatly 
affect the longevity and success of a restoration53 and with less than 10% of porosity can 
reduce the overall strength by 50%26. As a consequence of cement application voids and 
bubbles are observed within the resin cement caused air entrapment18,43. The bubbles and 
voids may reduce the resin cement contact area with the crown surface and ultimately to 
retention the ceramic with the tooth preparation. In cases where the fitting surface of a 
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prepared tooth has complexed geometry, the discrepancy in the internal gaps between the 
preparation designs can be attributed to the three-dimensional (3D) optical impression 
and the milling processes36,37.        
 A large variability of the studies have been related the method used for analysis 
for restoration cementation54. Different methods are predominantly applied o marginal 
fit48, for in vitro studies: radiodensity51, stereomicroscopy49,54, scanning electron 
microscopy50, optical microscopy27and micro-computed tomography (µ-CT)47. However, 
no consistent data is presented in the literature regarding the internal structure of dental 
cement after the cementation process. The Micro-CT is a non-destructive 3D method very 
suitable to investigate the details of dental structure relating to restoration28,29. Data about 
the void formation from conventional methods has been provided based on destructive 
such as SEM, and two-dimensional methods, such as X-ray, high pressure mercury 
intrusion porosimetry45. For the destructive techniques, sectioned specimens are used to 
characterize the structure, and the structure is damaged. Furthermore, these methods 
cannot precisely define the void formation at the volumetric scale45,46. Micro-CT has is a 
non-destructive, rapid, and powerful tool to evaluate the different materials. This method 
allows for examination of the internal structure and void detection. Micro-CT has been 
recently used in the dentistry to analyze several factors linked to restorative procedures 
44,48,52. However, few studies have used this method to analyze the effect different cavity 
preparations designs on the adaptation of CAD-CAM ceramics restorations. 
 Therefore, the aim of this study was to evaluate the marginal and internal integrity 
of resinous cement of different CAD/CAM ceramic restorations cemented on 
conventional and conservative preparation design. The null hypothesis tested was that 
that cavity preparation and ceramic type would not influence the porosity, marginal and 
internal volume of the cement of the CAD/CAM ceramic onlays.  
 
MATERIALS AND METHODS 
Twenty human mandibular first molar were selected (Ethics Committee in Human 
Research#307.608) and prepared by an experienced operator with a high-speed handpiece 
and copious air-water spray, using a cavity preparation machine2. The standardization of 
the selected teeth should have an intercuspal width that fell within a maximum deviation 
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of no more than 10% of the determined mean. The measured intercuspal width varied 
between 5.17mm and 6.13mm.         
 The four experimental groups (n=5) were based on different prepared methods 
and different ceramics and were designated as follows: onlay cavity preparation with 
proximal and occlusal boxes made with leucite ceramic (BL group); onlay cavity 
preparation without proximal and occlusal boxes made with leucite ceramic (NBL group); 
onlay cavity preparation with proximal and occlusal boxes made with lithium disilicate 
glass ceramic (BD group); onlay cavity preparation without proximal and occlusal boxes 
made with lithium disilicate glass ceramic (NBD group). All groups used IPS Empress 
CAD (Ivoclar Vivadent AG, Liechtenstein). A standard set of diamond rotary instruments 
#2143 and #3131 (KG Sorensen, Barueri, SP, Brazil) suitable for ceramic onlay 
preparation was used. Two different cavity preparation designs were defined with internal 
rounded angles. The occlusal reduction was 1.5mm, maintaining the inclination of the 
cusps using a diamond bur, the occlusal box was extended by 1.0mm in depth according 
to the anatomical characteristics of each tooth. An overall preparation angle of 6◦ toward 
the occlusal aspect was created with a conical flat-end diamond bur to produce 
converging walls to the occlusal. The preparation of proximal boxes, the same diamond 
bur was used within 0.5mm from the gingival margin with an isthmus measuring one-
third of the bucco-lingual width. For the conservative NBL and NBD groups, the 
preparation design included only the occlusal reduction, excluding the occlusal and 
proximal boxes. All cavity preparation designs with internal rounded angles were defined. 
(FIG1) 
A CAD/CAM system (CEREC System, Sirona, Germany) were used to produce 
the ceramic restoration. An optical impression was made using an intraoral digitization 
(Cerec Blue Cam & MCXL, Sirona, Germany) to generate a 3D virtual model. Using 
CAD, the design of the restoration was created, maintaining the same occlusal anatomy 
for all restorations. For milling parameters, 40 μm for the spacer and 20 μm for the cement 
gap were established3. The file was sent to the CAM system, and the biogeneric copy 
technique was used to obtain the indirect restoration by milling a ceramic block. Onlay 
restorations were adhesively cemented by the self-adhesive resin cement (RelyX U200, 
3M-Espe, St Paul, MN) and their surface were previously treated. For Leucite-reinforced 
ceramic onlays were etched with 10% hydrofluoric acid (Condicionador de Porcelanas; 
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Dentsply, Sao Paulo, Brazil) for 60 seconds, and lithium disilicate-reinforced ceramic 
onlays were etched with 10% hydrofluoric acid (Condicionador de Porcelanas; Dentsply, 
Sao Paulo, Brazil) for 20 seconds, followed by silanization using a pre-hydrolyzed silane 
agent (Angelus, Londrina, Brazil) applied for 60 seconds and then dried with air spray4. 
The excess of the cement was removed using a microbrush (KG Sorensen, Sao Paulo, 
Brazil) and after 5 minutes the resin cement was ligth activated from the buccal, lingual 
and occlusal aspects for 40 s using a halogen light curing unit with 800 mw/cm2 (XL 
3000; 3M ESPE)5. 
The samples were scanned by using a high-resolution 3D micro-CT scanner 
(SkyScan 1272; Bruker Micro-CT, Kontich, Belgium). The equipment was operated at 
100 kV and 100 μA using a 0.5 mm Al+Cu filter at a resolution of 1632/1092 pixels - 
10μm. Each specimen was scanned for a total of 60 minutes at 180° rotation around the 
vertical axis with a rotation step of 0.40, average frame of 3, and random movement of 
20 mm. The images were reconstructed by a system reconstruction software (NRecon 
v.1.6.3, SkyScan; Bruker) at axial cross-sections of the resulting 2D images (8-bit TIFF) 
with a beam hardening correction of 55%, smoothing of 5, and an attenuation coefficient 
range of 0 to 0.062991. Thereafter, the 3D software analysis tool (CTAn,  Bruker Micro-
CT) was used to calculate the volume of bubbles and porosity of the cement and CT Vol 
v.2.2.1, SkyScan; Bruker-micro-CT) was used for 3D reconstruction (volume, surface 
area and structure model index) for visualization and qualitative evaluation of the 
specimens.  
STATISTICAL ANALYSIS 
The marginal and internal adaptation data were tested for a normal distribution 
(Shapiro-Wilk) and equality of variances (Levene’s test), followed by parametric 
statistical tests. Marginal and internal adaptation values were submitted to a two-way 
ANOVA followed by Duncan’s tests. All tests used an α= 0.05 significance level and all 
analyses were carried out using Sigma Plot version 13.1 (Systat Software Inc., San Jose, 
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The means and standard deviation of volume and porosity are shown on table I. 
Two-way ANOVA showed that cavity design (p ˂00.5), ceramic type (p ˂00.5) and the 
interaction between the two factors (p ˂00.5) were all significant on the porosity an 
volume respectively. The qualitative analysis are shown on figure 1. 
Given the significant parameters, both porosity and volume the group without box 
demonstrate no significance irrespective of ceramics. The group with box demonstrated 
significative difference for ceramics. The lithum disilicate ceramic have higher 
percentage of porosity and higher volume of bubles (Table 1). 
 
DISCUSSION 
Micro-CT analyzed the internal porosity and the integrity of resin cement used for 
cementation of indirect restorations and the porosity and volume cement were influenced 
by the interaction between the cavity preparation and ceramic type; thus, the null 
hypothesis had to be rejected. In addition to being a non-destructive method, another 
advantage of using these systems, is the samples remain available after scanning for 
additional bonding testing and the images can be examined several times30,31. It possible 
to obtain comprehensive imaging of the spatial organization of the specimen structures 
by using the micro-CT combined with 3D reconstructions and it is also possible to 
estimate the volume of voids between the adhesive interfaces, as was done in the present 
study, which the cementation line between dental and ceramic structure was analyzed. 
The porosity and volume cement were influenced by the interaction between the cavity 
preparation and ceramic type; thus, the null hypothesis had to be rejected. The box design 
increased the presence of bubbles in the cement, which may interfere in the bond integrity 
facilitating the dissolution of the cement. The solubility of the resin cement can provide 
the marginal gap formation between tooth and preparation facilitating bacterial growth, 
gingival inflammation, caries recurrence and pulpal inflammation49,53. The preparation 
design with boxes presented a significantly larger overall porosity and volume of bubbles 
that of the non-boxes preparation design.       
 The design of the cavity preparations and the ceramic thickness can influence the 
clinical longevity of all-ceramic restorations18,34. The enamel and dentin are integrated by 
a uniform transition without sharp angle and to mimic the natural tooth, the conservative 
preparation was done to maintain a uniform thickness of the ceramic, resulting in less 
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angles with the exclusion of the proximal and occlusal boxes of this cavity preparation 
design. The reduction of the boxes and internal angles can explain the lower volume of 
bubbles and the better internal and marginal adaptation. It can be occurred a phenomenon 
called ‘overshooters’ that simulates virtual peaks near the edges during the optical 
impression process35,36. The software transformed the point clouds obtained by the optical 
impression into a smooth and continuous surface37. The 3D optical impression used to 
capture the prepared tooth and the milling accuracy of Cerec may not always be reliable 
when the internal design has complex geometry.      
 The porosity into the resin cement in the cavity designs with boxes was higher 
irrespective of the ceramic restorations. This may be explained during the cementation 
process, that air bubbles can be introduced into the material due to the method of mixing 
the self-adhesive cement used40. The preparations with boxes resulted in larger contact 
surface, they may have trapped more bubbles into the resin cement layer. Thus, it can be 
related that the smaller number of angles the smaller the imprisonment of bubbles inside 
the cement38,39.         
 The limitation of this study was to test only the hand mixed resin cement. In  future 
studies, the use of automix resin cements should be considered6,41. The automixing 
resulted in lower porosity and better bond integrity56. Another aspect that may be included 
in the future studies is the vibration by using ultrasound devices to increasy the flowability 
of the resin cement, reducing the porosity55. The preparation design that requires to 
remove larger amount intact tooth structure must be rejected for a number of reasons: 
exposure of dentin near the pulp with a high proportion of dentin tubules, increased 
secretion of dentinal fluid, adverse influence on the ratio of residual dentin to cavities 
(pulp cavity, dentin tubules), increased risk of postoperative sensitivity.  Therefore, the 
use of ceramic materials in the cavity preparation design without boxes seems to be easier, 
safer and produce better internal and marginal integrity compared to traditional ones. 
 
CONCLUSIONS 
With the limitations of this study, using 3D micro-CT, the preparation design 
without boxes presented a smaller volume and porosity in the cement than cavities with 
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boxes. The homogeneous thickness of ceramic restorations and leucite reinforced ceramic 
influenced in less porosity and volume, which could be considered clinically acceptable. 
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Fig 1. - Micro-CT images of a greater amount of porosity in the cement of the onlays restorations 





Table I. - Means and standard deviation of volume and porosity 
                                    
 
 Different uppercase letters in columns indicate the ceramic type for each cavity preparation design; lowercase letters in rows 
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Title: Oral rehabilitation with endocrown: a systematic review 
ABSTRACT 
 
Objective: A systematic review was conducted to evaluate “in vitro” and “in vivo” studies 
of endocrown restorations compared to conventional treatments (intraradicular posts, 
direct composite resin, inlay/onlay). 
Data: This report followed the PRISMA Statement. A total of 59 studies were included 
in this review.  
Sources: Two reviewers performed a search at electronic databases (Pubmed and Scopus) 
up to July 2018. A total of 59 studies were included in this review.  
Study selection: Only “in vitro” and “in vivo” studies that evaluated endocrown 
rehabilitation were included. Studies in language other than English, studies that do not 
evaluated endocrown rehabilitation, reviews, duplicated and studies with insufficient data 
in the title and abstract to make a clear decision were excluded from this systematic 
review. After the title and abstract examination, 53 studies were selected (total of 39 “in 
vitro” studies and 14 “in vivo”). The laboratory studies,  54% of them “in vitro” were 
fracture resistance tests, 15 studies with finite elements analysis, 4 studies analyzed 
marginal adaptation, 1 study analyzed microhardness of resin cement used in endocrown 
restoration, 20 studies compare endocrowns to conventional treatments, 8 studies 
compare endocrown made with different materials, 7 studies analyzed different extention 
of pulp chamber, and 2 studies analyzed different endocrown cavities design. A total of 
clinical studies were 5 of retrospective study and 9 case reports were demonstrated. 
Conclusion: The literature suggests that endocrowns have been used as an alternative to 
conventional post-core and fixed partial dentures in restoration of ETT with extensive 
coronal tissue loss. 
Clinical significance: Although further studies are still necessary to confirm the 
present findings, the advantages of endocrowns are better aesthetics and mechanical 
performance, low cost and short clinical time compared to traditional methods 
 
 





The rehabilitation of teeth with a large coronal destruction is a clinical challenge 
and a subject that has been controversially discussed in the literature to date, especially 
in non-vital teeth. Reduction in stiffness and fracture resistance of endodonticallty treated 
teeth is the loss of structural integrity associated with caries, trauma and extensive cavity 
preparation, and also due dehydration or physical changes in dentin after the removal of 
the pulp and the surrounding tissues of the dentin 1,2     
 Intra-radicular posts combined or not with core materials may be required because 
coronal retention of the restoration is usually compromised. This system, despite all 
clinical success achieved, presents the disadvantage of revealed to affect the overall 
biomechanical behavior of the restored teeth3 and the additional removal of sound tissue 
needed for fitting the post into the root canal4 . The term ‘endocrown’ was first defined 
by Bindl and Mörmann5 as a monolithic ceramic bonded construction fixed to the tooth 
structure by adhesive material. The root canal with minimal invasion, which is an 
important factor for the preservation of tooth structure, the endocrown is able to provide 
adequate adhesion of a ceramic restoration6. The endocrown restorations are anchores to 
the internal portion of the pulp chamber and on the cavity margins, thereby resulting in 
both macro- and micro-mechanical retention, provided by the pulpal walls and adhesive 
cementation, respectively5,7. In addition to the advantage of removing smaller amounts 
of sound tissue compared to other techniques, this restorative technique requires less chair 
time because there are fewer procedures. The other advantage is to have greater 
dissipation of the masticatory tensions received in the tooth /restoration along the dental 
structure2. The endocrowns are indicated when there is excessive destruction of the 
crown, when the interocclusal space is limited and traditional rehabilitation with post and 
crown is not possible because of inadequate ceramic thickness. Thus, teeth with short 
clinical crowns or atresic, calcified, curved root canals are also indicated in this type of 
rehabilitation 6,10         
 The performance of endocrown restorations can be influenced depending on the 
type of material. There are several resin and ceramic composites, such as feldspathic 
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ceramics, leucite reinforced ceramics, lithium disilicate reinforced ceramics, zirconia, 
hybrid composite resins and the CAD/CAM ceramic and resin composite blocks8,9 
  Despite dentists are returning to restore endodontically treated teeth using the 
endocrown technique, doubts remain about the biomechanical behavior and prognosis of 
this oral rehabilitation treatment compared to conventional treatment intraradicular post. 
Thereby a review of literature taking into account this subject is needed.  Therefore, the 
aim of this study was to systematically review the literature to consider this subject for 
investigation of in vitro and in vivo studies to date. 
 
MATERIALS AND METHODS 
 
Search strategy 
This systematic review was conducted by following the guidelines of Transparent 
Reporting of Systematic Reviews and Meta-analyses (PRISMA statement)77. The review 
question was formulated by the following PICO78 framework (Patient Population, 
Intervention, Comparison, and Outcome). The following keywords were used: 
“endocrown” OR “endo-crown”. 
 
Eligibility criteria 
Literature published from 2008 to July 2018, in English language, was selected. All in 
vitro and in vivo studies that evaluated endocrown rehabilitation were included. The 
inclusion criteria were: in vitro and/or in vivo studies that used endocrown to rehabilitate. 
The exclusion criteria were: studies in language other than English, studies that do not 
evaluated endocrown rehabilitation, reviews, and studies with insufficient data in the title 
and abstract to make a clear decision. Duplicated and published studies that did not meet 
the inclusion/exclusion criteria were excluded from this systematic review. 
 
Screening and selection 
An electronic search was performed through PubMed (MEDLINE) and Scopus databases 
up to July 2018. A hand searching process was also applied. Two prosthodontists 
reviewers (A.L.S.V.V. and K.Z.) independently ran the described search for eligibility 
and compared the list. 
  60 
 
 
Data extraction and risk of bias 
A specific data extraction form was developed and used by the authors to all 
desired information (title, year of publication, journal, authors, impact factor, aim of 
study, number of samples, groups analyzed, material, cementation, methodology of 
analysis of samples, statistical results and conclusion). To assess methodological quality 
of the studies, the JADAD scale79 was used to report any potential risk for bias. Authors 
elected to exclude all papers on the topic with a JADAD score of 3 or less.  
 
RESULTS 
Based on the aim of this systematic review and on the heterogeneity of the selected 
studies, it was not possible to perform meta-analysis of the data. Therefore, a descriptive 
presentation of the data was adopted. 
An initial electronic search identified 1099 studies (Figure 1), and the hand 
searching process identified 53 studies (total of 39 “in vitro” 
41,42,9,43,44,13,46,47,11,33,53,12,50,52,54,56,57,58,59,14,61,10,7,63,28,18,67,68,69,71,31,29,73,74,17,62,34,31,32 and 14 
“in vivo” studies45,35,48,51,76,55,60,64,65,66,72,5,75,70. The initial screening of the titles and 
abstracts resulted in 53 full-text papers that were read in full. The characteristics of all 53 
studies that were included are summarized in Table 1. Six studies that did not meet the 
inclusion criteria (Figure 1) were excluded 35,39,77,78,79,80. 
 
Description of studies 
 
This systematic review included studies that analyzed in vitro and in vivo if 
endocrown is a reliable choice to rehabilitate. The most articles used was “in vitro” 
studies, that represents 74% the articles and 26% was “in vivo” studies.   
 The laboratorial studies of these articles, most of them were tests of fracture 
resistance, that corresponding to more than half of the articles selected, that is 54%. 
Fifteen studies with finite elements analysis 18,28,29,31-34,41,46,53,62,68,69,71,73, that three of 
them associate Weibull analysis and four studies use Micro CT analysis. Only 4 studies 
analyzed marginal adaptation 10,13,42,67, and only one study analyzed microhardness of 
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resin cement used in endocrown restoration 63. 20 studies compare endocrowns to 
conventional treatments 10-13,17,18,28,29,31,33,46,50,52,54,61,67,68-69,71,74; 8 studies compare 
endocrown made with different materials7,9,14,42,56,59,63,73; 7 studies analyzed different 
extention of pulp chamber41,43,47,52,53,57,58 and 2 studies analyzed different endocrown 
cavities design13,44. A total of 14 clinical studies were selected, 5 of them were 
retrospective study with 1035, 745,365 and 2 years5,72 follow-up; and 9 case 
reports48,51,55,60,64,66,72,75,76 were demonstrated.    
The restorative material most used in both laboratory and clinical studies was 
lithium disilicate ceramic fabricated by CAD/CAM blocks and/or press technique. The 




The aim of this systematic review was to perform a bibliographic research about 
the performance of endocrown restorations in the last ten years. Although some “in vitro” 
studies have demonstrated that endocrown restorations appeared to be better choice to 
rehabilitate endodontically treated teeth than restorative with post, resin core and crown, 
there are a few longitudinal clinical studies to prove it. The results of this study indicated 
that most of “in vitro” studies were fracture resistance tests.    
 The fracture resistance of endocrown comparing with conventional crown with 
fiber posts showed no difference in percentages of fracture resistance11,12,54,61. When 
considering only the material type factor, no evidence was found that the choice either 
for lithium disilicate glass-ceramic or non-ceramic would result in higher load-to-
failure14. The other studies analyze fracture resistance in endocrowns according different 
materials9,14,56,73 Recent study demonstrates that restoration made by zirconia displayed 
the highest fracture strength, while composite resin had the lowest fracture strength out 
of the materials used for the endocrowns9. The use of metal ceramics as endocrown 
material may lower the risk of failure during clinical use. A reduced endocrown material 
strength was observed on endocrown restorations with press lithium disilicate ceramics 
and composite resin endocrowns. The fracture of the restorations with metal ceramics 
endocrowns revealed some specific features that are almost equal the fracture of ductile 
materials. The loss of the base strength (tooth fracture) was easily compensated by the 
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elasticity of the metal cap. It could be explained because the metal base of the metal 
ceramic endocrown obviously increased the fracture plasticity due to its elastic 
characteristics15,16. Recent study demonstrates that, under axial loading, molars restored 
with endocrowns performed similar with both lithium disilicate ceramic and multiphase 
resin composite but the latter was less durable under lateral loading9. Based on the results 
of this study, since material type did not show significant difference in terms of fracture 
strength under axial forces but under lateral forces, on the other hand, since lateral forces 
decreased the fracture strength for all groups significantly compared to axial forces. 
Therefore, the fracture strength should be analyzed not only by the type of material, but 
also by the direction in which the forces were applied.    
 Another analysis in this systematic review was to evaluate the fracture resistance 
in relation to the extensions of endocrowns inside the pulp chamber. The clinical 
significance of these studies 41,43,47,49 refers to the decision-making about which depth of 
the teeth chamber are most suitable for restoration with an endocrown. The fractures 
resistances were influenced by different extensions inside the pulp chamber. The fracture 
strength showed that the lower depth of intracoronal extension of endocrowns negatively 
influenced the fracture resistance of endodontically treated posterior teeth because the 
lower the extension of the endocrowns, the lower the fracture resistance and the greater 
the possibility of rotating the piece when in function41. This may have occurred because 
of the decreased contact area between different extensions of endocrowns inside the pulp 
chamber relative to the remaining molar teeth, which leads to the assumption that 
increased space available inside the pulp chamber allows for increased stability and 
retention of the endocrown65 So, according to these results, this technique could not be 
really considered minimally invasive or a conservative alternative once the greater depth 
inside the pulp chamber generated better results, and it is related to greater dentin 
preparation. There are various studies in the literature on the effect of post length on 
fracture strength, but no data is available on the effect of preparation depths of 
endocrowns for central teeth. Ramírez-Sebastià reported that post application and post 
lengths had no effect on the fracture strength of restorations because no statistically 
significant differences were obtained among the endocrowns and the crowns with long 
glass fiber post and short glass fiber post. In other works, cavity depths were investigated 
in terms of marginal and internal adaptations for molars, and it revealed that the 
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discrepancy was increased with the deepening of the cavity. In contrast, the effect of 
central teeth preparation depths on the fracture strength of endocrowns, it was aimed to 
provide relevant data for clinical applications that the discrepancy was increased with the 
deepening of the cavity, in addition, it could be noticed that zirconia and lithium disilicate 
ceramic groups could be used reliably in clinical applications of endocrown restorations 
with long and short preparation depths43. Kannat, observed that feldspathic ceramic, 
resin-ceramic and polymer infiltrated ceramic groups did not exceed the limits of bite 
forces19-21 while making a decision on which ceramic material would be a better choice 
for clinical applications.         
 The fracture types of the materials should also be considered. In addition, the 
catastrophic failures occur more frequently when the zirconia material was chosen, with 
regards to lithium disilicate glass ceramic43. The failure mode according chamber 
extension depth, the groups with 3 and 4mm demonstrated catastrophic tooth fracture, 
whereas 2-mm chamber depth extension group demonstrated non-restorable fractures49. 
Although visual examination some specimens that were initially thought repairable, after 
evaluated through the microCT, irreparable root fractures were found, which depending 
on location, may or may not be visible on a standard periapical film. Therefore, the 
analysis in micro CT, is a valuable tool in failure mode assessment49.  
 With the recent advances in the adhesive dentistry, more conservative 
configuration/design and thickness in endocrown restorations have been introduced for 
restoring endodontically treated teeth. The first endocrown design, the preparation is 
similar to those of conventional crowns and can be described as a ‘bracing mechanism’ 
of the restoration around the cervical tooth structure22, but may cause the loss of sound 
enamel and dentin tissues that would be important for proper bonding of the restoration24. 
A macroretentive design is no longer a prerequisite if there are sufficient tooth surfaces 
for bonding23, so the conservative preparation design is usually prepared without 
ferrule41-43,49. However, further investigations, especially the fatigue behavior, is needed 
to ensure the increase of fracture resistance with different cavity designs. According to 
Taha, showed that classical endocrown design with axial reduction and a shoulder finish 
line had higher mean fracture resistance values than conservative endocrowns with butt 
margin design and the mean difference was statistically significant. It could be justified, 
because butt joint designs provide a stable surface that resists the compressive stresses 
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because it is prepared parallel to the occlusal plane, and the forces are distributed over 
the cervical butt joint (compression) or axial walls (shear force).  Neutralization of shear 
stresses occurs through axial walls and better distribution of load across the margin, thus 
moderating the load on the pulp floor23 There is a reduction of the thermal and 
polymerization shrinkage and the stress applied  to the ceramic because axial reduction 
may have decreased the amount of the resin cement thickness in relation to the bulk of 
ceramic material compared to the butt margin design26.    
 This review showed 38% of non-destructive “in vitro” test with finite elements 
analysis. Six FEA studies compare endocrown technique versus fiber post with resin core 
and crown, three of which are in pre-molar teeth29,31, one in molars28 and two in central 
incisors32,33. Three FEA studies was associated with Weibul analysis29,31,34. Weibull 
analysis frequently has been used to calculate the probability of fracture in brittle 
materials. It also has provided a method for predicting cumulative failure probability at 
selected levels of stress.       
 Equivalent stress levels in the dentin of molars restored with posts and cores and 
ceramic crowns were higher than stress levels in the tooth with the endocrown, as well as 
stress levels in the intact tooth. The highest modified von Mises (mvM) stresses in dentin 
and crown occurred in molar restored with FRC posts28. Equivalent stress levels in the 
dentin of molars restored with posts and cores and ceramic crowns were higher than stress 
levels in the tooth with the endocrown, as well as stress levels in the intact tooth. The 
highest mvM stresses in dentin and crown occurred in molar restored with FRC posts. 
Composite posts and cores do not reinforce the structure of endodontically treated teeth, 
but only ensure retention for the supragingival part27. On the contrary, in anterior teeth, 
the mvM stress in endocrown restoration was significantly higher compared to the teeth 
with metal post and cores, except for resin composite endocrown. From a clinical point 
of view, endocrown for anterior teeth have different mechanical behavior compared to 
posterior teeth. So, endocrown restorations present the advantage of reducing the 
interface of the restorative system.        
 Moreover, composite resins seem to be the most reliable materials to build-up 
endocrown restoration, as they generate low amounts of stress concentration32.  The 
numeric investigation in studies with premolars by FEA and Weibull analysis29,31,34 
suggests that endocrown and conventional crown restorations for endodontically treated 
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premolars present similar longevity. According with Lin, all cumulative failure 
probability simulations were under the assumption of a perfectly bonded interface 
between the ceramic and tooth tissue. The adhesive interfacial debonding mechanism and 
the influences of different resin cement thicknesses were not simulated because of the 
complicated nature and were not the investigated objective in this study. The resin cement 
was used to simulate the adhesive in ceramic/tooth tissue, and uniform cement thickness 
of 100 mm was assumed in all FE simulations. The load condition of the resulting axial 
force crossing the central position (200 N) force assumed in this study was not realistic 
and only approximated the complex balance between the masticatory forces and their 
reactions. Complicated actual occlusal forces usually cannot fully be presented in 
numeric simulations and need to be simplified as typical axial/lateral loads to apply in the 
model. Therefore, the lateral load effect was not considered in this study as a result of 
reducing the complicated data interpolations. Linear elastic (homogeneous and isotropic) 
properties were adopted for all materials as a result of numeric-convergence 
considerations. Therefore, further in vitro/in vivo studies are needed to examine the 
correlation between the numeric analysis and clinical outcome.   
 Something important to consider is that the majority of the included studies were 
performed on posterior teeth, with molars summing approximately 51% of the total teeth 
samples analyzed here, 28% was premolar teeth and 28% and anterior teeth was 
approximately 17%.  There is one retrospective study comparing the performance of 
anterior and posterior endocrowns in the same standardized study35. This study evaluated 
documented cases of ceramic and composite endocrowns and correlate failures with 
clinical parameters such as tooth preparation characteristics and occlusal parameters in 
the last ten years.  The results analysis parameter in this study is the type of preparation 
regarding the presence of an extension in the pulp chamber (92.0% of cases) and a ferrule 
effect (54.5% of cases). Yet, due to the reduced amount of failures, no statistical 
correlation could be established with neither those factors, nor with occlusal risk. Indeed, 
the restorations demonstrated an excellent survival rate, which was shown to be 99.0% 
after a mean observation period of 44.7 ± 34.6 months while the 10-year Kaplan-Meier 
estimated survival rate was 98.8%. These positive findings confirm results of previous 
studies about endocrowns, but related to smaller sample size and/or observation 
time5,37,38.          
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 The “in vivo” studies of this systematic review, revealed that endocrown 
restorations seemed to perform better results when compared to conventional restorations. 
Unfortunately, there were no randomized controlled trials, only five retrospective study 
with 7, 10 and 2 years follow-up5,35,45,65,72. The others 9 “in vivo” studies were case 
reports48,51,55,60,64,66,72,75,76, most of them were clinical cases of endocrown restorations in 
molars5,35,45,48,51,60,64-66,72 (85%), except for one clinical case55 (deciduous molar). 
Endocrowns have more fails in anterior teeth compared to posterior teeth. Incisors and 
/or canines receive higher non-axial forces when compared to the more axially directed 
forces that posterior teeth face during oral function40; so, greater non-axial forces when 
compared to the more axially directed forces that the posterior teeth face during the oral 
function20,21; consequently, the anterior teeth receive more stresses than the posterior 
ones, increasing the chance of restoration failure. This fact may explain the lack of clinical 
and in vitro studies in anterior teeth, reinforcing the need for well-designed studies on the 
subject.          
 The endocrown restoration bring potential application for oral rehabilitation 
purposes when compared to other treatment modalities, and considering that endocrowns 




The available literature found suggests that endocrowns have been used as an 
alternative to conventional post-core and fixed partial dentures in restoration of 
endodontically treated teeth with extensive coronal tissue loss. Compared to traditional 
methods, better aesthetics and mechanical performance, low cost and short clinical time 
are the advantages of endocrowns. However, Further studies investigations into the 
biomechanical behaviors among these restorative configurations are necessary to ensure 
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Table 1 – “in vitro” studies 
n.i - not informed 
Title 
 
Effect of Intracoronal 
Depth of Teeth Restored 
with Endocrowns on 
Fracture Resistance: In 
Vitro and 3-dimensional 
Finite Element Analysis. 
 
Three-Dimensional 
Digital Evaluation of the 
Fit of Endocrowns 
Fabricated from Different 
CAD/CAM Materials. 
 
Features of fracture of 
prosthetic tooth-
endocrown constructions 
by means of acoustic 
emission analysis. 
 
Fracture strengths of 
endocrown restorations 
fabricated with different 
preparation depths and 
CAD/CAM materials. 
Fracture resistance and 
failure modes of polymer 
infiltrated ceramic 
endocrown restorations 
with variations in margin 
design and occlusal 
thickness. 
Effect of Endocrown 
Restorations with 
Different CAD/CAM 
Materials: 3D Finite 
Element and Weibull 
Analyses. 
Restoration of severely 
damaged endodontically 
treated premolars: The 
influence of the endo-
core length on marginal 






Assessment of Restored 
Mandibular Molar by 
Endocrown In 
Comparison  to a Glass 
Fiber Post-Retained 
Conventional Crown: 3D 
Finite Element Analysis. 
Preparation Ferrule 




Comparison of resistance to 
fracture between three types 
of permanent restorations 
subjected to shear force: An in 
vitro study. 
Year 2018 2018 2018 2018 2017 2017 2018 2017 2017 2017 
Journal Journal of Endodontics Journal of Prosthodontics Dental Materials Dental Materials Journal 





Journal of Prosthodontics 
by the American College 
of Prosthodontists 
Journal of prosthodontics: 
official journal of the 
American College of 
Prosthodontists 
Journal of prosthodontics: 
official journal of the 
American College of 
Prosthodontists 
Journal of Indian 
Prosthodontic Society 
Authors Dartora NR, et al., Zimmermann M, et al., Skalskyi V, et al., Kanat-Ertürk et al Taha D, et al., Gulec L and Ulusoy N Rocca GT, et al., Abu Helal M,S, Wang Z Einhorn M, et al., Atash R, et al., 
Aim of study 




teeth restored using 
different extensions of 
endocrowns inside the 
pulp chamber in vitro and 
using 3-dimensional finite 
element analysis (FEA). 
To investigate the 
inflluence of different 
CAD/CAM materials for 
fitting accuracy with a 
new 3D 
method. The null 
hypothesis was that there 
are no significant 
differences for the fitting 
accuracy if different 
CAD/CAM materials 
are used. 
To use  acoustic emission 
method  to compare the 
fracture resistance of 
different restorative 





compressive loading. The 
initial and final fracture 
loads were evaluated. 
The null the various CAD/ 
CAM materials would not 
affect the fracture 
strength of endocrown 
restorations, 2) the 
preparation depth has no 
influence on the fracture 
strength of central 
endocrown restorations, 
3) the failure type would 
not be affected from the 
CAD/CAM materials and 
preparation depths. 
The purpose of this in 
vitro study was to assess 
the effect of two margin  
designs and two occlusal 
thicknesses on the 
fracture resistance and 
mode of failures of 
endodontically treated 




To evaluate the effects of 
two endocrown designs 
and computer aided 
design/manufacturing 
(CAD/CAM) materials on 
stress distribution and 
failure probability of 
restorations applied to 
severely damaged 
endodontically treated 
maxillary first premolar 
tooth (MFP). 
To test the influence of 
the endo-core length on 
the marginal adaptation, 
fatigue resistance and 
fracture mode of ceramic 
endocrowns to restore 
severely destroyed upper 
premolars.  
To compare equivalent 
and contact stresses in 
mandibular molar 
restored by all-ceramic 
crowns through two 
methods: ceramic 
endocrowns and ceramic 
crowns supported by 
fiber-reinforced 
composite (FRC) posts and 
core, by using 3D finite 
element analysis during 
normal masticatory load. 
To determine the effect 
on endocrown restoration 
failure strength by the 
incorporation of ferrule 
features to the 
endocrown preparation. 
 
To attempt to compare 
the fracture resistance of 
premolars that were 
extracted, endodontically 
treated, and restored 
using three different 
prosthetic methods when 





30 human molars 30 restorations 
5 Discs 
25 human molars 
100 maxillary central first 
incisors 




inside the pulp chamber: 
Group 1: 5mm 
Group 2: 3mm 




performed on a maxillary 
right first molar on a 
typodont: 
Group 1: zirconia-
reinforced lithium silicate 
ceramic Group 2: leucite-
reinforced silicate ceramic  








Group B: zirconium 
dioxide 
Group C: ceramics 
Group D:  metal ceramic 
Group E: composite resin 
Group F: luting cement 
 
Molars endocrowns: 
Group A: control – no 
restoration 
Group BE: restored by 
zirconium dioxide 
Group CE: restored 
by ceramic 
Group DE: restored by 
metal ceramic Group 
EE:restored   by  
composite  resin 
 
Preparation depth of 
teeth endocrown: 
Group S: short: 3-mm 
Group L:long: 6-mm 










Group B2: endocrown 
with a butt joint 
with 2 mm occlusal 
thickness. 
Group B3.5: endocrown 
with a butt joint 
with 3.5 mm occlusal 
thickness 
Group S2:  endocrown 
with with 1 mm shoulder 
finish line, with 2 mm 
occlusal thickness. 
Group S3.5: endocrown 
with with 1 mm shoulder 




Group (E): Endocrown 
with macromechanical 
retention was provided by 
the internal portion of the 
pulp chamber for the 
endocrown design. 
Group (ME): Modified 
Endocrown in addition to 
the pulp chamber, 3.0mm 
intraradicular extensions 




Three different CAD/CAM 
materials were used for 
each 
type of restoration 
design; 





Group (3): Nanoceramic 
Resin Lava Ultimate 
Group A (negative 
control): flat CAD-CAM 
overlays with no endo-
core. 
Group B: CAD-CAM 
endocrowns with a 2-mm 
high endo-core. 
Group C: CAD-CAM 
endocrowns with a 4-mm 
high endo-core. 




Group A: intact molar 
with no restoration; 
Group B:  ceramic 
endocrown-restored 
molar 
Group C: ceramic crown 
supported by FRC posts 
and core restored molar 
 
Group 0: endocrown with 
no ferule; 
Group 1: endocrown with 
1mm ferule; 
Group 2: endocrown with 
2mm ferule. 
 
Group 1: (all ceramic 
endocrown), 
Group 2: (glass fiber 
post + composite resin 
core + ceramic crown), 
Group 3: (cast post and 
core + ceramic crown). 
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Material IPS e.max CAD blocks 
Zirconia-reinforced 
lithium silicate ceramic 
(Celtra Duo; CD); 
Leucite-reinforced silicate 
ceramic (Empress CAD; 
EM); 









Composite resin (Nano Q) 
Monoblock zircônia – 
inCoris TZI (Sirona Dental 
Systems, Bensheim,) 
Lithium-disilicate glass-
ceramic - IPS e.max 
CAD (Ivoclar Vivadent, 
Polymer infiltrated 
ceramic – Vita Enamic 
(VITA Zahnfabrik, Bad Sä); 
Feldspathic-ceramic - Vita 
Mark II (VITA Zahnfabrik); 
Resin-ceramic – Lava 






Feldspathic Ceramic - 




Ceramic – VitaEnamic 
(Vita Zahnfabrik, Bad 
Sackingen, Germany) 
-Nanoceramic Resin -  
Lava Ultimate (3MESPE, 
Bad Seefeld, Germany). 
CAD–CAM lithium 
disilicate reinforced 





Lithium disilicate glass 
ceramic restoration (IPS 
e.max CAD, Ivoclar-
Vivadent). 
Lithium disilicate glass 










Special 3D subtractive 
analysis technique using 
software OraCheck. 
Fracture resistance 
Using  acoustic  emission 
(AE) 










Fracture resistance (45°) 
Micro CT analysis 




After dynamic loading, a 
survival rate of 100% was 
observed in all groups. 
For static loading, 
statistically significant 
differences among the 
groups were observed (P 
< .05) (G-5 mm = 2008.61 
N, G-3 mm= 1795.41 N, 
and G-1 mm=1268.12 N). 
Fractography showed a 
higher frequency of 
compression curls for G-
5mmandG-3mm than 
forG 1mm.FEAexplained 
the results of fracture 




Results varied from best 
88.9 ±7.7 µmfor marginal 
fit of resin nanoceramic 
restorations (LUMA) to 
worst 182.3 ±24.0 µmfor 
occlusal fit of zirconia-
reinforced lithium silicate 
restorations (CD OC). 
Statistically significant 
differences were found 
both within and among 
the test groups. Group CD 
performed statistically 
significantly different 
from group LU for 
marginal fit (MA) and 
axial fit (AX) (p < 0.05). 
For occlusal fit (OC), no 
statistically significant 
differences were found  
 
 
A lower threshold of 
220µV was selected to 
exclude spurious 
background signals.For  
the initial fracture load of 
Type 1 samples, Group F 
(0.029 kN) < Group  E 
(0.039 kN) < Group D 
(0.056 kN) < Group C 
(0.253 kN) < Group B 
(intact). The  same  trend 
was  found  for  the  final 
Fracture  load, i.e., Group 
F (1.289 kN) < Group E 
(1.735 kN) < Group D 
(3.362 kN) < Group C 
(6.449 kN) < Group B 
(intact). For  the  initial  
and  final fracture  load, 
fracture load of Type 2  
The data were statistically 
analyzed (Kruskal-Wallis, 
Mann Whitney U), failure 
modes were evaluated 
with stereomicroscopy. 
Zirconia group provided 
the statistically highest 




Group S3.5 showed the 
highest mean fracture 
load value (1.27 _ 0.31 
kN). Endocrowns with 
shoulder finish line had 
significantly higher mean 
fracture resistance values 
than endocrowns with 
butt margin (p < 0.05). 
However, the results were 
not statistically significant 
regarding the restoration 
thickness. Evaluation of 
the fracture modes 
revealed no statistically 
significant difference 
between themodes of 
failure of tested groups. 
 
Regarding the stresses 
that occurred in enamel, 
for each group of 
material, ME restoration 
design transmitted less 
stress than endocrown. 
During normal occlusal 
function, the overall 
failure probability was 
minimum for ME with 
VMII. ME restoration 
design with VE was the 
best restorative option for 
premolar teeth with 
extensive loss of coronal 
structure under high 
occlusal loads. Therefore, 
ME design could be a 
favorable treatment  
All the specimens 
survived the TCML test 
except four specimens of 
Group A (early 
restorations' debonding). 
No difference in 
percentages of closed 
margins was found 
between endocrowns 
(Groups B, C) and crowns 
(Group D). After the 
stepwise test, differences 
in survival within the 
groups were not 
statistically significant. 




The highest mvM stress 
levels in the enamel and 
dentin for the tooth 
restored by ceramic 
endocrown were lower in 
the crown ceramic than in 
tooth restored with FRC 
posts and all-ceramic 
crowns; however, in the 
resin adhesive cement 
interface it was lower for 
ceramic crown supported 
by FRC posts than the in 
ceramic endocrown 
restoration. The 
maximum contact shear 
and tensile stress values 
along the 
restoration/tooth  
Calculated failure stress 
found no difference in 
failure resistance among 
the three groups; 
however, failure load 
results identified that the 
endocrown preparations 
without ferrule had 
significantly lower 
fracture load resistance. 
Failure mode analysis 
identified that all 
preparations 
demonstrated a high 
number of catastrophic 
failures. 
 
No significant difference 
was observed in 
resistance to fracture 
between glass fiber post 
and metal post. No 
relationship between the 
displacement of 
prosthetic dental system 
and type of material used 
was uncovered and by 
comparing the type of 
fracture with the 
restoration material used. 
However, a greater 
number of favorable 
fractures were observed 
in the glass fiber group  
Conclusion 
Greater extension of the 
endocrown inside the 
pulp chamber provides 
better mechanical 
performance, taking into 
account the resistance 
and fracture mode as well 
as stress distribution 
patterns. 
The choice of CAD/CAM 
material may influence 




milling strategies may 





should be made of high-
strength materials. 
Zirconia displayed the 
highest fracture strength, 
while composite resin had 
the lowest fracture 
strength out of the 
materials used for the 
endocrowns. For teeth 
restored with 
endocrowns, the use of 
metal. Ceramics as 
endocrown material may 
ower the risk of failure 
during clinical use. 
 
 
Zirconia and feldspathic 
ceramic materials show 
the highest and the 
lowest fracture resistance 
values, for short and long 
preparation depths, 
respectively. The 
preparation depth has a 
significant effect on the 
fracture strength of 
endocrowns for 
feldspathic ceramic. 
Catastrophic fractures can 
occur when zirconia 
materials with high 
elasticity moduli are used, 
whereas only repairable 
fractures occur when 
lithium disilicate, polymer 
infiltrated ceramic, 
resin-ceramic and 
feldspathic ceramics are 
used. 
Adding a short axial wall 
and shoulder finish line to 
the preparation design of 
ETT restored with 
endocrown can increase 
the fracture resistance  of 
these teeth. However, 
further investigations, 
especially the fatigue 
behavior, is needed to 
ensure the increase of 
fracture  resistance with 
small increases of 
restoration thickness. The 
violation of conservative 
preparation principles to 
increase the occlusal 
thickness of the 
restoration more than the 
standard thickness seems 
to be impractical. The use 
of polymer infiltrated 
ceramic material can 
provide acceptable values  
 
Regarding the restoration 
design, the modified 
endocrown design with 
intraradicular extensions 
protected the remaining 
tooth structures better 
than endocrown design. 
On the effect of 
restorative materials 
tested, VMII was only 
successful in protecting 
tooth structures under 
normal occlusal function 
and it showed failure 
under high occlusal loads. 
ME restoration design 
with VE was the best 
restorative option for 
premolar teeth with 
extensive loss ofcoronal 
structure under 
highocclusal loads 
Within the limits of this 
in-vitro study, fatigued 
endocrowns with both 2-
mm and 4-mm long endo-
cores displayed outcomes 
in t marginal integrity and 
fatigue resistance 
equivalent to classical 
crowns. Results of this 
test discourage the use of 
flat overlays with only 
adhesive retention to 
restore extremely 
destroyed premolars. 
Almost the totality of the 
fractured specimens 
broke in a catastrophic 
way, under the CEJ. 
Further in-vitro studies 
and clinical trials are 
needed to confirm these 
results.erms of 
Ceramic endocrown 
restoration presented a 
lower mvM stress level in 
dentin than the 
conventional ceramic 
crown supported by FRC 
posts and core. Ceramic 
endocrown restorations in 
molars are less 
susceptible to damage 
than those with 
conventional ceramic 
crowns retained by FRC 
posts. A ceramic 
endocrown that is 
properly cemented in 
molars might not be 
fractured or loosened 
under the masticatory 
load levels presented in 





failure loads than 
standard endocrown 
restorations; however, 
calculated failure stress 
based on available surface 
area for 
adhesive bonding found 
no difference between 
the groups. Lower 
instances of catastrophic 
failure were observed 
with the endocrown 
preparations containing 1 
mm of preparation ferrule 
design; however, 
regardless of the 
presence of ferrule, this 
study found that all 
endocrown restorations 
suffered a high proportion  
 
Endocrown displays 
better resistance to 
fracture compared to 
conventional post and 
core restorations. In 
addition, endocrown did 
not show more 
displacement or cause 
more unfavorable 
fractures than the 
conventional restorations. 
This restoration may 
represent a reliable 
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Title 
Strength comparison of 
anterior teeth restored 
with ceramic endocrowns 
vs custom-made post and 
cores. 
 
Effect of Endocrown Pulp 
Chamber Extension 




of endodontically treated 
premolars using different 
preparation designs and 
CAD/CAM materials. 
Fracture strength of 
CAD/CAM fabricated 
lithium disilicate and 
resin nano ceramic 
restorations used for 
endodontically treated 
teeth. 
A comparison of the 




endocrowns and glass 
fiber post-core retained 
conventional crowns. 
Influence of remaining 
tooth structure and 
restorative material type 
on stress distribution in 
endodontically treated 
maxillary premolars: A 
finite element analysis. 
Fatigue behavior of resin-
modified monolithic 
CAD-CAM RNC crowns 
and endocrowns. 




Materials: An In Vitro 
Biomechanical Study. 
 
Evaluation of the 
marginal and internal 
discrepancies of CAD-
CAM endocrowns with  
different cavity depths: 
An in vitro study. 
 
Effect of Preparation 
Depth on the Marginal 





Year 2017 2017 2017 2017 2017 2016 2016 2016 2017 2016 
Journal 
Journal of prosthodontics 
research 
Operative Dentistry Journal of dentistry Dental Materials Journal 
The Journal of Advanced 
Prosthodontics 
Journal of Prosthetic 
Dentistry 
Dental Materials: oficial 
publication of the 




jornal of the American 
College of 
Prosthodontists 
The Journal of Prosthetic 
Dentistry 
Operative Dentistry 
Authors Dejak B, Młotkowski A A Hayes, et al., Lise D, et al., Güngör M, et al., Guo J, et al,. Zhu J, et al,. Rocca G, et al,. Aktas G, et al,. Shin Y, et al,. 
Gaintantzopoulou M, et 
al,. 
Aim of study 
To compare the strength 
of incisor teeth  restored 
with ceramic endocrowns 
versus custom-made post 
and prostheticcrowns. 
To evaluate the effect of 
CAD/CAM endocrown 
restorations with pulp 
chamber extension 
depths of 2, 3, and 4 mm 
on molar fracture 
resistance. The null 
hypothesis was that 
there would be no 
difference in fracture 
resistance among the 
three groups. 
To evaluate the effect of 
the restoration 
design (‘2.5-mm deep 
endocrown’, ‘5-mm deep 
endocrown’ or ‘5-mm 
deep post&crown’) and 
the CAD/CAM material 
type (composite or 
lithium disilicate glass-
ceramic) on the load-to-
failure of restored ETPM.  
was to evaluate and 
compare the fracture 
strength and 
failure modes of 
endocrowns, zirconia 
post, and fiber post 
supported restorations 
and predict the clinical 
outcomes 
of six different 




the fracture resistance 
and failure patterns of  
endodontically 
treated mandibular 
premolars restored with 
ceramic endocrowns and 
conventional post-core 
supported ceramic 
crowns, using intact 
teeth 
as a control. 
To evaluate the influence 
of clinical and anatomic 
factors on stress 
distribution in maxillary 
premolars 
using FE analysis. 
To test in vitro the 
fatigue behavior and 
the fracture mode of 
veneered CAD–CAM RNC 
crowns and endocrowns 
for upper premolars. 
Buccal and occlusal 
modifications 
of the restorations after 
cutting-back were tested. 
 
To explore the effect of 
the stiffness difference 
in two newly introduced 
novel silicate-based 
ceramics on the fracture 
behavior of endocrown 
adhesive restorations. 
 




with different cavity 
depths by comparing 
mCT images. 
To evaluate the effect of 
cavity preparation depth 
and intraradicular 
extension on the 
marginal and internal fit 





6 models of 3-D FEA 36 human molar 48 human molar 
60 maxillary central first 
incisors 
30 human premolars 5 FE models 60 humans premolars 36 humans molars 48 humans molars n.i 
Grupos 
analisados 
Model A: Incisor 
Restored with post 
and core and prosthetic 
crown. 
Model B—Incisor 
restored with leucite 
ceramic endocrown. 
Model C—Incisor 
restored with lithium 
disilicate ceramic 
endocrown. 
Group 2: endocrown with 
2mm chamber extension 
depth. 
Group 3: endocrown with 
2mm chamber extension 
depth. 
Group 4: endocrown with 
2mm chamber extension 
depth. 
 
Group lithium dissilicate 
endocrown with 2,5mm 
deep. 
Group composite 
endocrown with 2,5mm 
deep. 
Group lithium dissilicate 
endocrown with 5,0mm 
deep. 
Group composite 
endocrown with 5,0mm 
deep. 
Group lithium dissilicate 
crown and 5,0mm deep 
post. 
Group composite crown 
and 5,0mm deep post. 
Group ZrRNC: rconia 
post and resin nano 
ceramic crown. 
Group ZrLDS: fiber post 
and lithium disilicate 
ceramic crown. 
Group FbRNC: fiber post 
and resin nano ceramic 
crown 
Group FbLDS: fiber post 
and lithium disilicate 
ceramic crowns. 
Group EndoRNC: resin 
nano ceramic 
endocrown. 
Group EndoLDS: lithium 
disilicate ceramic 
endocrown. 
Group (GI): intact teeth 
group 
Group (GE): endocrown 
group Group (GC): 
conventional post-core 
supported crown group 
 
 
Model (S): intact 
maxillary premolar 
(negative control) 
Model (R): endondontic 
treated premolar 
restored with composite 
resin (positive control) 
Model (E1): endocrowns 
(1,0mm thicknesses) 
Model (E2): endocrowns 
(2,0mm thicknesses) 
Model (E3): endocrowns 
(3,0mm thicknesses. 
Group A: full anatomic 
endocrown (control 
group). 
Group B: buccal 
veneered endocrowns. 
Group C: buccal 
veneered endocrowns 
with an occlusal central 
groove. 
Group D: full anatomic 
crown (control group). 
Group E: buccal veneered 
crowns 
Group F:  buccal 
veneered crowns with an 
occlusal central groove. 
Group control: 
endocrown restorations 
from alumina silicate 
ceramic. 
Group Zr-R endocrown 
restorations from 
Zirconia reinforced glass 
ceramic 




Group CEREC AC 2: 
endocrown restoration 
with 2mm made by 
CEREC AC, v4.2; Sirona 
Dental Systems 
Group CEREC AC 4: 
endocrown restoration 
with 4mm made by 
CEREC AC, v4.2; Sirona 
Dental Systems 
Group E4D 2: endocrown 
restoration with 2mm 
depth made by E4D 
Sky, v 2.0; Planmeca/E4D 
Technologies; 
Group E4D 4: endocrown 
restoration with 2mm 
depth made by E4D 
Sky, v 2.0; Planmeca/E4D 
Technologies; 
Group H2: endocrown 
with 2mm deepth 
Group H3: endocrown 
with 3mm deepth 
Group H4: endocrown 
with 4mm deepth 
 
 
  81 
Material n.i n.i 
Composite (Cerasmart, 
GC)  Lithium disilicate 
glass-ceramic (IPS e.max 
CAD, Ivoclar Vivadent). 
Lithium disilicate (IPS 
e.max CAD, Ivoclar 
Vivadent, Schaan, 
Liechtenstein) and resin 
nano ceramic (Lava 
Ultimate, 3MEspe, 
Seefeld, Germany). 
Lithium disilicate (IPS 




Lithium disilicate (IPS 





MZ100; 3M ESPE), High-
leucite content ceramic 
(IPS Empress; Ivoclar 
Vivadent AG), Zirconia 
ceramic 
(In-Ceram Zirconia; Vita 
Zahnfabrik) 
Nanoceramic Resin - Lava 
Ultimate (3MESPE,Bad 
Seefeld, Germany). 
Resin composite (Filtek 
Supreme XTE Universal 




Alumina silicate ceramic 





hybrid ceramic (Enamic) 
 
Lithium disilicate (IPS 






material (Vita Enamic, 










Micro Ct analysis 
Fracture resistance (45°) 
Fracture resistance (45°) 
Failure Mode 
Fracture resistance (45°) 
Failure Mode 
3-dimensional FEA 
(vertical and horizontal 
load) 
Fracture resistance (45°) 
Failure Mode 
Fractography 
Fracture resistance (45°) 
Failure Mode 
Marginal adaptation with 
Micro CT 




The lowest stresses 
occurred in the anterior 
tooth restored with 
custom post and core 
(model A). The mvM 
stress of 47.5 MPa 
concentrated in leucite 
ceramic endocrown 
(model B) and its value 
was close to the tensile 
strength of this material. 
The maximal mvM 
stresses in the lithium 
disilicate ceramic 
endocrown 
(model C) were 4 times 
lower than tensile 
strength of this material. 
In all cases contact 
stresses in the adhesive 
interface under 
restorations did not 
exceed the resin cement 
bond strength to dentin. 
The 2- and 4-mm 
chamber extension 
groups demonstrated the 
highest fracture 
resistance stress, with 
the 3-mm group similar 
to the 2-mm group. The 





fracture, whereas half 





A significant interaction 
between restoration 
design and CAD/CAM 
material was found using 
two-way ANOVA. In the 
‘2.5-mm deep 
endocrown’ groups, the 
composite achieved a 
significantly higher load-
to-failure than the 
lithium disilicate glass-
ceramic, while no 
differences between 
materials were found in 
the ‘5-mm deep 
endocrown’ and ‘5-mm 
deep post&crown’ 
groups. More 
unfavorable failures (root 
fractures) were observed 
for higher load-to failure 
values. 
Fracture loads and 
modes were determined. 
The EndoLDS group had 
the highest fracture 
strength, followed by 
ZrRNC and EndoRNC 
group. However the 
results were not 
significantly different 
among groups (p>0.05). 
The failure modes of the 
restorations changed 
according to the 
restorative materials 
The fracture resistances 
of GE and GC were 
significantly lower than 
that of GI (P<.01), while 
no significant difference 
was found between GE 
and GC (P=.702). As of 
the failure mode, most of 
the specimens in GE and 
GC were unfavorable 
while a higher 
occurrence of favorable 
failure mode was 
presented in GI.  
As the quantity of 
preserved dental tissues 
increased, the von Mises 
stress in dentin 
decreased, and the peak 
von Mises strain value of 
the cement layer 
increased. When the 
elastic modulus of the 
endocrown material 
increased, the von Mises 
stress in endocrown and 
dentin 
increased, and the peak 
von Mises strain value of 
the cement layer 
decreased. 
The differences in 
survival between groups 
were not statistically 
significant, except 
between groups D and F 
(p = 0.039). Endocrowns 
fractured predominantly 
with a mesio-distal 
wedge-opening fracture 
(82%). Partial cusp 
fractures were observed 
above all in crowns 
(70%). Analysis of the 
fractured specimens 
revealed that the origin 
of the fracture was 
mainly at the occlusal 




did not differ 
significantly, and the 
calculated meanvalues 
were 1035.08 N, 1058.33 
N, and 1025.00 N for 
control, Zr-R, and P-I 
groups, respectively; 




that in both test groups. 
No statistically significant 
correlation was 
established in paired 
comparisons of the 
failure strength, 
restorative stiffness, and 
fractured tooth distance 
parameters. The failure 
mode for teeth restored 
with zirconia-
reinforcedglass ceramics 
was identified as non-
restorable. The resin 
interface in the control 
and P-I groups presented 
similar adhesive failure 
behavior. 
An endocrown with a 4-
mm cavity showed a 
larger marginal and 
internal volume than one 
with a 2-mm cavity. 
Cementation did not 
show significant 
differences in total 
discrepancy thickness. 
Discrepancies on the 
pulpal floor were largest 
in other sites. Both 
chairside CAD/CAM 
systems showed similar 
discrepancy in the 
endocrowns. 
Significant differences 
were found in MG, MD, 
and internal gap width 
values between the 
groups, with H2 showing 
the lowest values from 
all groups. S/V 
calculations presented 
significant differences 
between H2 and the 
other two groups (H3 
and H4) tested, with H2 
again showing the lowest 
values. Increasing the 
intraradicular extension 
of endocrow restorations 
increased the marginal 




endocrowns in incisors 
may fracture during 
physiological loading. 
Endocrowns made of 
lithium disilicate ceramic 
are resistant to failure. 
Posts and prosthetic 




The endocrown with 2- 
and 4-mm displayed 
greater tooth fracture 
resistance. All groups 
demonstrated a high 
number of catastrophic 
fractures, but these 
results may not be 
clinically significant 
because the fracture 
force results are higher 
than normal reported 
values of masticatory 
function. 
Only following a ‘2.5-mm 
deep endocrown’ design, 
composite appeared 
more favorable than 
lithium disilicate glass-
ceramic as crown 
material; this may be 
explained by their 
difference in elastic 
modulus. 
Endodontically treated 
anterior teeth might be 
restored with 
endocrowns as well as 
other post-cor 
restorations, however 
tooth fracture failures 
should be considered 
that affect reliability of 
endocrowns. 
For the restoration of 
mandibula rpremolar 
,endocrown shows no 








teeth with the same 
fracture resistances as 
that of intact mandibular 
premolars. 
Conservative preparation 
of teeth for endocrowns 
is likely to protect the 
residual tooth structure 
may cause future 
cohesive bonding failure. 
The elastic modulus of 
thematerial may benefit 
the durability of bonding 
between the endocrown 
and the abutment; butr, 
it may cause fracture of 




restorations has no 
influence on their fatigue 
resistance except when 
monolithic crowns. The 
mode of fracture for 
endocrown restorations 
was a split vertical 
failure.This behavior 
seems to be more related 
to the restoration design 
than to the type of 
surface resin 
modification.  
Mechanical failure of 
endocrown restorations 
does not significantly 
differ for silica-based 
ceramics modified either 
with zirconia or polymer. 
Based on the present 
study, marginal and 
internal discrepancies 
increased depending on 
cavity depth. 
Cementation did not 
increase the dimension 
of the discrepancy 
between the restoration 
and the cavity wall. The 
discrepancy on the pulpal 
floor appeared to affect 
these results. 
 
Extension of the 
endocrown preparation 
negatively affected both 
the marginal adaptation 
and the internal fit of the 
restoration. Marginal fit 
of the three groups 
tested proved to be 
significantly better than 
internal fit evaluated  by 
analyzing the internal 












The effect of immediate 
dentin sealing and 
optical powder removal 




Fracture strength, failure 
type and Weibull 
characteristics of lithium 
disilicate and multiphase 
resin composite 
endocrowns under axial 
and lateral forces. 
Influence of Adhesive 
Core Buildup Designs on 
the Resistance of 
Endodontically Treated 
Molars Restored With 
Lithium Disilicate 
CAD/CAM Crowns 
The influence of FRCs 
reinforcement on 
marginal adaptation of 
CAD/CAM composite 
resin endocrowns after 
simulated fatigue 
loading. 




Fracture resistance of 
endodontically treated 
teeth without ferrule 
using a novel H-shaped 
short post. 
Microhardness of light- 
and dual-polymerizable 
luting resins polymerized 
through  7.5-mm-thick 
endocrowns 
3D-Finite element 
analysis of molars 
restored with 
endocrowns and posts 
during masticatory 
simulation. 
Adhesive restoration of 
anterior endodontically 
treated teeth: influence 
of post  length on 
fracture strength. 




crowns in endodontically 
treated teeth: analysis of 
marginal adaptation. 
Year 2016 2016 2015 2016 2015 2015 2014 2013 2014 2013 
Journal 
International Journal of 
computerized dentistry 
Dental Materials: oficial 
publication of the 








The Journal of Prosthetic 
Dentistry 
Dental Materials: oficial 
publication of the 








Marco M, et al,. Carvalho A, et al,. Rocca G, et al,. El-Damanhoury, et al,. Schmidlin P, et al,. Gregor L, et al,. Dejak B, et al,. 
Ramírez-Sebastià A, et 
al,. 
Ramírez-Sebastià A, et 
al,. 
Aim of study 
To evaluate the effect of 
immediate dentin 
sealing and the method 
of optical poder removal 
on the fracture 
resistance of CAD/CAM 
endocrowns. 
To compare the fracture 
strength of endocrowns 
made of Li2Si2O5 or 
multiphase resin 
composite and compare 
the results with natural  
teeth under axial and 
lateral forces, and to 
evaluate the failure 
types after testing. 
 
To evaluate the 
influence 
of a 4-mm buildup, a 2-
mm buildup or no 
buildup (endocrown) on 
the mechanical 
performance and failure 
mode of ETMs restored 





crowns placed with self-
adhesive resin cement. 
To evaluate the marginal 
accuracy of endocrowns 







molars, before and after 
a thermo-mechanical 
fatigue test that 
simulates 2.5 years of 
clinical service. Different 
kinds of FRC-reinforced 
cores underneath the 
CAD/CAM restorations 
were tested.  
To evaluated the 
microleakage, fracture 
resistance, and failure 
modes of three types of 
CAD/ CAM fabricated 
restorations when they 
were submitted 
to an oblique 
compressive force. 
To evaluate the fracture 
resistance and failure 












To verify, by means of 
microhardness 
testing, the hardening of 
dual and light 
polymerizable luting 
resins polymerized with 
a high irradiance 
lightemitting diode (LED) 
(1200 mW/cm) 
through indirect 
composite resin and 
ceramic endocrowns. 
To compare equivalent 
stresses in molars 
restored with 
endocrowns as well as 
posts and cores during 
masticatory simulation 
using finite element 
analysis. 
 
To evaluate the fracture 
resis- 
tance of endodontically 
treated anterior teeth 
restored with 
crowns made of 
composite or ceramic 
and retained without 
the use of a post 
(endocrowns) or with 
posts of 5 mm (short) 
and 10 mm in length 
(long). 
To compare the marginal 
adaptation between 
ceramic and composite 
CEREC 
crowns in endodontically 
treated teeth restored 
with endocrowns or with 
a short or a long post. 
Methodology 















Microhardness 3-dimensional FEA 





78 human molars 60 human molars 45 human molars 32 human molars 30 human molars 40 human molars 30 human molars 4 FE models 
48 human maxillary 
incisors 





Group C: no preparation 
or restoration (control) 
Group L1: Endocrown 
made of lithium 
dissilicate material. 
Group LA: Endocrown 





Group I: had 4-mm 
buildup (4-mm height 
from CEJ 
at cusp tips, 2-mm 
height from CEJ at 




Group II: had 2-mm 
buildup (2-mm height 
from 
CEJ at cusp tips, 1-mm 
height from CEJ at 
central groove + 
complete crown 
restorations (2.5-mm to 
3.5-mm thick) 
Group III: had 
endocrown restoration 
(about 5-mm to 5.5-mm 
thick) 
Group 1 (control): hybrid 
resin composite 
Group 2: as group 1 but 
covered by 3 meshes of 
E-glass fibres; 
Group 3:FRC resin (EverX 
Posterior,GC) 
Group 4: as group 3 but 
covered by 3 meshes of 
E-glass fibres. 
 
Group CB: endocrown 
with feldspathic block 
ceramic 
Group EX: endocrown 
with lithium-disilicate 
blocks 




Groups A: H-post with 
glass ceramic. 
Group B:  H-post with 
lithium dissilicate 
ceramic. 
Group C: endocrown 2.5-
mm depth, which was 
limited to 1-mm residual 
(negative control group) 
marginal dentin 
thickness. 
Group D: post and core 
6-mm deep preparations 
for a glass fiber post 
(positive control group) 




















Group VActr: control 
group 
Group TEctr: control 
group 
Group A: intact tooth; 
Group B: tooth restored 
by ceramic endocrown; 
Group C: tooth with FRC 
posts, composite core 
and 
ceramic crown; 
Group D: tooth with cast 
post and ceramic crown. 
Group LPCer: 10-mm 
glass fiber post 
(long)/composite 
core/ceramic crown; 




Group LPCpr: 10-mm 
glass fiber pots 
(long)/composite 
core/composite crown 









Group LPCer: 10-mm 
glass fiber post 
(long)/composite 
core/ceramic crown; 




Group LPCpr: 10-mm 
glass fiber pots 
(long)/composite 
core/composite crown 
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Material 
Vitablocks Mark II (Vita 
Zahnfabrik, Bad 
Sackingen, Germany) 
Lithium disilicate (IPS 
e.max CAD, Ivoclar 
Vivadent, Schaan, 
Liechtenstein) 





Lithium disilicate (IPS 




Nanoceramic Resin - 
Lava Ultimate (3M ESPE, 
Bad Seefeld, Germany). 
CEREC Blocks Sirona 
Dental Systems 
Lithium disilicate (IPS 




Lava Ultimate (3M ESPE, 
Bad Seefeld, Germany). 
 
Glass-ceramic crowns 
(IPS Empress CAD Multi 
LT, Empress CAD, Ivoclar 
Vivadent), 
Lithium disilicate 
ceramic (e.max CAD, 
Ivoclar Vivadent). 
Dual-polymerizable 










(Paradigm MZ100 3M 
ESPE, Seefeld, Germany) 
Leucite ceramic blocks 
(IPS Empress CAD, 
Ivoclar Vivadent AG, 
Schaan, Lichtenstein) 
Fiber  post (FRC Postec 
Plus (Ivoclar Vivadent, 
Schaan, Liechtenstein) 
Composite blocks 
(Paradigm MZ100 3M 
ESPE, Seefeld, Germany) 
Leucite ceramic blocks 
(IPS Empress CAD, 
Ivoclar Vivadent AG, 
Schaan, Lichtenstein 
Fiber  post (FRC Postec 





Fracture resistance of all 
IS groups was 
significantlty lower than 
DS group, except AW. 




Under axial loading, 
mean fracture strength 
(N) did not show 
significant difference 
between groups: LAA 
(2675 ± 588)a, LIA (2428 ± 
566)a, CA (2151 ± 672) a 
(p > 0.05) and under 
lateral loading, LAL (838 ± 
169)A  presented 
significantly lower mean 
values than those of 




materials and the 
control group were more 
vulnerable to lateral 
loading than axial 
loading. Under axial 
loading, Weibull 
distribution presented 
higher shape (0) for 
Groups LIA (5.35) and LAA 
(5.08) than 
that of the control (3.97) 
and under lateral loading 
LIL (7.5) showed higher 
shape (0) thanthose of 
othergroups 
(4.69–6.46). After axial 
loading, failure types 
were mainly cohesive in 
the material and after 
lateral loading primarily 
adhesive between the 
material and dentinfor 
both LI and LA, most of 
which were repairable. 
The survival rates after 
the fatigue test were 
100%, 93%, and 100% 
for 4-mm, 2-mm, and no 
buildup (endocrown), 
respectively and were 
not statistically different 
(only one specimen 
failed with a 2-mm build 
under a crown that 
cohesively fractured at 
1,400 N) .Post fatigue 
load to failure averaged 
3181 N for 4-mm 
buildups (15 specimens), 
3759 N for 2-mm 
buildups (12 specimens), 
and 3265 N for 
endocrowns (14 
specimens). The 2-mm 
buildups were 
associated with higher 
loads to failure than 
endocrowns and 4-mm 
buildups, but no 
differences were found 
between 4-mm buildups 
and endocrowns 
(p,0.05.) One endocrown 
and 2 restorations with a 
2-mm buildup survived 
the load-to-failure test 
(at 4500 N). Only 
catastrophic fractures 
occurred after the load 
to failure test. 
For all the groups, the 
percentage values of 
perfect marginal 
adaptation after loading 
were always significantly 
lower than before 
loading (p \0.05). The 
marginal adaptation 
before and after loading 
was not significantly 
different between the 






resistance and more 
favorable fracture mode 
(ie, fracture of the 
endocrown without 
fracture of 
tooth) as well as higher 
dy penetration than CB 
and EX. 
The H-post group 
restored with 
lithiumdisilicate crowns 
(group B) presented 
higher fracture 
resistance compared to 
the H-post group with 
glass-ceramic crowns 
(group A) and the 
endocrowns (group C). 
Among the failure 
analysis, only specimens 
of group C were all 
repairable after fracture 
load test, while the 
specimens of remaining 
groups A, B, and D 
accounted for 90%, 70%, 
and 50% repairable 
fracture nmodes, 
respectively. 
For the Vickers 
microhardness 
measurements of a dual-
polymerizable luting 
cement, no differences 
(P>.05) were found 
between Vickers 
microhardness control 
values and values 
reported after 
polymerization through 
composite resin and 
ceramic endocrowns. For 
The Vickers 
microhardness 
measurements (_SD) of a 
light-polymerizable 
microhybrid composite 
resin, control values 
were significantly (P<.05) 
higher (111 _3.3) than 
those reported after 
polymerization through 
composite resin (100.5 
_3.8) and ceramic (99.7 
_2.3) endocrowns. 
However, the hardness 
values of The Vickers 
microhardness 




through the endocrowns 
were approximately 10% 
to 12% lower than those 
of the control values.  
The effect of endocrown 
material was not 
significant (P>.05). 
During masticatory 
simulation, the lowest 
mvM stresses in dentin 
arisen in molar restored  
with endocrown (Model 
B). Maximal mvM stress 
values in structures of 
restored molar were 
23% lower than in the 
intact tooth. The mvM 
stresses in the 
endocrown did not 
exceed the tensile 
strength of ceramic. In 
the molar with an FRC 
posts (Model C), 
equivalente stress values 
in dentin increased by 
42% versus Model B. In 
ceramic crown of Model 
C the stresses were 31% 
higher and in the resin 
luting cement were 61% 
higher than in the tooth 
with endocrown. Tensile 
contact stresses in the 
adhesive cement–dentin 
interface around FRC 
posts achieved 4 times 
higher values than under 
endocrown and shear 
stresses increased twice. 
The contact stress values 
around the appliances 
were several time 
smaller than cement–
dentin bond strength. 
Presence of post, post 
length, and crown 
material had no 
significant effect on the 
fracture resistance. 
Groups restored with 
endocrowns presented a 
higher number of 
repairable fractures in 
respect to the other 
groups. 
Loading had a 
statistically significant 
effect (p,0.05) on the 
percentage of 
‘‘continuous margin’’ in 
all groups. The LPCpr, 
SPCpr, and EndoCpr 
groups showed the 
highest percentage of 
continuous margin 
initially and after 
loading. The effect of the 
different post lengths on 





sealing does not improve 
fracture resistance of 
endocrowns 
restorations. Air-water 
spray washing is 
adequate to remove the 
optical poder after 
optical scanning 
impression taking. 
Under axial loading, 
molars restored with 
endocrowns performed 
similar with both lithium 
dissilicate ceramic 
and multiphase resin 
composite but the latter 








molars restored with 
lithium disilicate 
CAD/CAM complete 
crowns placed with self-
adhesive resin cement. 
The 2-mm buildups were 
associated with higher 
loads to failure than the 
endocrown and the 4-
mm buildup, but all 
restoration designs 
survived far beyond the 
normal range of 
masticatory forces. 
The use of FRCs to 
reinforce the pulp 
chamber of devitalized 
molars restored with 
CAD/CAM composite 
resin restorations 
did not significantly 
influenced their marginal 
quality. 
Although using resin 
nanoceramic blocks for 
fabrication of 
endocrowns 
may result in better 
fracture resistance 
and a more favorable 





may be expected with 
this material. 
The modification of the 
short intracoronal 
restoration anchorage 
profile may be a valid 
concept to improve the 
retention and fracture 
resistance, 
given that the materials 
are adjusted for this 
purpose in terms of 
mechanical resistance 
and internal adaptation. 
Numerical evaluations 
and future in vitro 
studies may help to 
select the best designs 
and materials. 
Under the conditions of 
this in vitro study, 
Vickers microhardness 
values of the dual-
polymerizable resin 
cement and the light-
polymerizable 
restorative composite 
resin irradiated for 3 _ 
90 seconds with a high 
irradiancelight-emitting 
diode lamp through 7.5-
mm-thick endocrowns 
reached at least 80% of 
the control Vickers 
microhardness values, 
which means that both 
materials can be 
adequately polymerized 
when they are used for 
luting thick indirect 
restorations. 
Ceramic endocrowns in 
molars caused the 
lowest mvM stress  
levels in dentin 
compared to posts and 
cores. Molars restored 
with endocrowns are 
less prone to fracture 
than those with posts. 
Presence of a post had 
no effect on the 
restorations’ fracture 
strength. Although this 
in vitro study has some 
limitations in respect to 
its clinical relevance, the 
restoration of largely 
destroyed anterior teeth 
with the use of na 
endocrown or a short 
glass fiber post might 
have advantages over a 
large glass fiber post. 
CAD-CAM crowns 
fabricated from 
millable composite resin 
blocks (Paradigm 
MZ100) offer a superior 
option to all-ceramic 
crowns (IPS Empress 
CAD). 
 
  84 
Title 
Estimation of the failure risk 
of a maxillary premolar with 
different crack depths with 





Finite element analysis of 
adhesive endo-crowns of 
molars at different height 
levels of buccally applied 
load. 
Comparison of fracture 
strength of endocrowns and 
glass fiber post-retained 
conventional crowns. 
Evaluation of failure risks in 
ceramic restorations for 
endodontically treated 
premolar with MOD 
preparation. 
Finite element and Weibull 
analyses to estimate failure 
risks in the ceramic 
endocrown and classical 
crown for endodontically 
treated maxillary premolar. 
Estimation of the risk of 
failure for an endodontically 
treated maxillary premolar 




dimensional finite element 
analysis on the effect of 
endocrown material rigidity 
on alveolar bone 
remodeling process. 
 
Influence of the type of post 
and core on in vitro 
marginal continuity, fracture 
resistance, and fracture 
mode of lithia disilicate-
based all-ceramic crowns. 
Evaluation of the 
biomechanical behavior of 
maxillary central incisors 
restored by means of 
endocrowns compared to a 
natural tooth: a 3D static 
linear finite elements 
analysis. 
Year 2014 2012 2016 2016 2010 2009 2009 2008 2006 
Journal Journal of Endodontics Journal dental Biomechanics Operative Dentistry 
Dental Materials: oficial 
publication of the Academy 
of Dental Materials 
European journal of oral 
sciences 
Journal of Endodontics 
Dental Materials: oficial 
publication of the Academy 
of Dental Materials 
The Journal of Prosthetic 
Dentistry 
Dental Materials: oficial 
publication of the Academy 
of Dental Materials 
Author Lin CL, et al,. Hasan I, et al,. Biacchi GR, et al,. Lin CL, et al,. Lin CL, et al,. Lin CL, et al,. Aversa R, et al,. Forberger N e Göhring TN Zarone F, et al,. 
Aim of study 
To compare the stress 
distribution patterns and 
risks for failure by using 
both FE and Weibull 
analyses for a maxillary 
premolar with different 
crack depths, shearing 
toward the pulp chamber 
and restored by using 
CAD/CAM ceramic 
restorations with onlay, 
endocrown, and crown built 
up onto a metal post-core 
unit. 
To investigate numerically 
the previously in vitro 
investigated two endocrown 
restoration systems and to 
analyse their fracture 
resistance and fracture 
modes with the variation of 
the position of the applied 
load from 5 to 8 mm. The 
developed three-
dimensional (3D) finite 
element (FE) models were 
based on the parameter 
setting of the above-
mentioned 
previous studies. 
To evaluate the fracture 
strength of endodontically 
treated molars with 
extensive coronal loss, 
restored by the 
conventional 
technique (glass fiber post 
and ceramic crown) and by 
endocrowns, in addition to 
observing the failure 
mode when they are 
submitted to an oblique 
compressive force. 
To evaluated the risk of 
failure for an endodontically 
treated premolar 
with MOD preparation and 
three CEREC ceramic 
restoration configurations. 
 
To evaluated the failure 
risks of an endodontically 
treated premolar 
with severely damaged 
coronal hard tissue and 




ceramic endocrown or a 
classical crown 
configuration. 
To compare the stress 
distribution patterns and 
risks for failure by using 
both FE and Weibull 
analyses for a maxillary 
premolar with MODP 
preparation restored by 
using CAD/ 
CAM ceramic restorations 
with the onlay, endocrown, 
and crown built up on a 
metal 
post-core unit. 
To assess the deformations 
transferred to surrounding 
bone by endodontically 
treated maxillary central 
incisors restored with 
endocrowns 
made up of high or low 
elastic modulus materials. 
To evaluate marginal 
continuity, fracture modes, 
and loads to failure of rigid 
lithia disilicate-based all-
ceramic crowns placed on 
endodontically treated 
premolars supported by 
different 
substructures 
To compare the stress 
distribution patterns of a 
sound tooth with those of 
teeth restored 





endocrowns and traditional 
crowns built up on glass 
post and core units. 










Fracture resistance (90°) 
FEA 
Weibull analysis 
Fracture resistance (90°) 
3D FEA 





6 maxillary upper second 
premolar 3-dimensional FE 
models 
2 human molar 3-
dimensional FE models 
30 human molars 
3 3-dimensional models 
(molar) 
2 3-dimensional models 
(premolar) 
3 3-dimensional models 
(premolar) 
5 human premolar 
n.i 48 human premolars n.i 
Grupos analisados 
Group AB Onlay: onlay 
restoration extended to 
above bone. 
Group BB Onlay: onlay 
restoration extended to 
bellow bone. 
Group AB Endocrown: 
endocrown restoration 
extended to above bone. 
Group BB Endocrown: 
endocrown restoration 
extended to bellow bone. 
Group AB Crown: crown 
built up onto a metal post 
and composite extended to 
above bone. 
 Group BB Crown: crown 
built up onto a metal post 
and composite extended to 
bellow bone. 
 
Group of endo-crown as a 
monobloc; 
Group of endocrown 
of a primary abutment; 
Group for a full crown. 
Group (GE): Endocrown 
Group (CC): Conventional 
Crown 
Group (GC): intraradicular 
post group 
 
Model ceramic inlay; 
Model ceramic endocrown; 
Model conventional ceramic 
crown. 
 
Group conventional crown: 
fiber post + composite resin 




extending 5 mm in depth 
Model ceramic onlay with 
mesio occlusodistal 
palatal (MODP) preparation; 
Model ceramic endocrown 
with 
MODP preparation; 
Model conventional ceramic 
crown. 
 
Model MOD 0A: orthotropic 
model of cortical bone, 
human tooth  without PDL. 
Model MOD 0B: isotropic 
model of cortical bone, 
human tooth in its own 
socket without PDL. 
Model MOD 1: (control 
system) human sound tooth 
with PDL. 
Model MOD: PDL-provided 
tooth restored with an 
alumina endocrown. 
Model MOD 3: PDL-
provided tooth restored 
with a composite 
endocrown. 
Model MOD 4: PDL-
unprovided (ankylosed 
system) tooth restored with 
an alumina endocrown. 
Model MOD 5: PDL-
unprovided (ankylosed 
system) tooth 
restored with a composite 
endocrown. 
Group untreated: intact 
tooth; 
Group comp: restored with 
resin composite; 
Group endocrown: restored 
with ceramic endocrown; 
Group frc-post: restored 
with fiber post and ceramic 
crown; 
Group zro-post: restored 
with zircônia ceramic post 
and ceramic crown; 
Group gold-post: restored 
with alloy post and ceramic 
crown. 
Model MOD1: sound tooth. 
Model MOD2: 
restored with a glass fiber 
post + feldspathic crown. 
Model MOD3: 
restored glass fiber post + 
alumina crown. 
Model MOD4: core restored 
with a composite CAD-CAM 
+ feldspathic crown. 
Model MOD5: : core 
restored with a composite 
CAD-CAM + sintered 
alumina crown. 
was considered. 
MOD6: restored with a 
feldspathic CAD-CAM 
endocrown. 
Model MOD7: restored 
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Material 
Alumina silicate ceramic 
(Vitablocs Mark II; Vita 
Zahnfabrik) 
Alumina silicate ceramic 








Lithium disilicate (IPS e.max 









Alumina silicate ceramic 
(Vitablocs Mark II; Vita 
Zahnfabrik) 
Alumina silicate ceramic 
(Vitablocs Mark II; Vita 
Zahnfabrik) 
Alumina silicate ceramic 
(Vitablocs Mark II; Vita 
Zahnfabrik) 
 
Hybrid composite resin 




(Experimental press, Ivoclar 
Vivadent) 
Composite block (Paradigm 






The stress values on the 
enamel, dentin, and luting 
cement for endocrown 
restorations exhibited the 
lowest 
values relative to the other 
2 restoration methods. 
Weibull analysis revealed 
that the overall failure 
probabilities in a shallow 
cracked premolar were 27%, 
2%,and 1% for the onlay, 
endocrown, and 
conventional crown 
restorations, respectively, in 
the normal occlusal 
condition. The 
corresponding values were 
70%, 10%, 






No differences were 
observed for the two 
endocrowns 
Concerning restoration 
displacement and the 
distribution of equivalent 
von Mises stress and total 
equivalent 
strain. Shifting the position 
of the applied load to 8 mm 
resulted in an increase in 
the displacement from 25 to 
42 µm and 
Na increase of equivalent 
von Mises stress 






between the two groups 
(p=0.002), with 
Group GE shown to be more 
resistant to 
compressive forces than 
Group GC 
Simulation results indicated 
that the stress values on the 
enamel, dentin and luting 
cement for endocrown 
restorations were the 
lowest ones among the 
corresponding values for 
inlay and conventional 
crown restorations. Weibull 
analysis indicated that 
failure probability was 95%, 




respectively, for normal 
biting. AE analysis revealed 
that, although the 
significantly 
least load was required for 
the first AE activity for inlay 
configuration, the 
endocrown and 
conventional crowns did not 
significantly differ from each 
other. 
The results indicated that 
the stress values on the 
dentin and luting cement for 
the endocrown restoration 
were lower than those for 
the 
crown configuration. 
Weibull analysis revealed 
that the individual failure 
probability 
in the endocrown dentin 
and luting cement 
diminished more than those 
for the crown 
restoration. While the 
overall failure probabilities 
for the endocrown and the 
classical 
crown were similar, fatigue 
fracture testing revealed 
that the endocrown 
restoration 
had higher fracture 
resistance than the classical 




values on the enamel, 
dentin, and luting cement 
for endocrown restoration 
were the lowest values 
relative to the other 2 
restorations. Weibull 
analysis revealed that the 
individual failure probability 
in the endocrown enamel, 
dentin, and luting cement 
obviously diminished more 
than those for onlay and 
conventional crown 
restorations. The overall 
failure probabilities were 
27.5%, 1%, and 1% for 
onlay, endocrown, and 
conventional crown 
restorations, respectively, in 
normal occlusal condition. 
Strain values in cortical 
bone, spongy bone, alveolar 
cortex and tooth were 
evaluated. 
PDL allowed models to 
homogeneously transfer 
loads to bone. Strains 
developing in highly 
rigid restorations were 
estimated to activate bone 
modeling and remodeling. 
Initially, mean values (SD) 
between 72.4 (15.8)% 
(ENDOCROWN) and 94.8 
(3)% (FRC-POST) for 
continuous 
Margins were found. With 
TCML, marginal continuity 
decreased 
Significantly only in FRC-
POST, 
to 75.5 (8.4)%, and in 
endocrown, 
to 44.7 (14.5)%. Mechanical 
load 
testing measured mean 
loads to failure between 
1092.4 (307.8) N (FRC-POST) 
and 1253.7 (226.5) N (ZRO-
POST) Without significant 
differences between groups. 
Deep root fractures were 
observed in half of the 
specimens, irrespective of 
their groups. 
High modulus materials 
used for the restoration 
strongly alter the natural 
biomechanical behavior of 
the tooth. Critical areas of 
high stress concentration 
are the restoration–
cement–dentin interface  
 
 
both in the root canal and 
on the buccal and lingual 
aspects of the tooth–
restoration interface. 
Materials with mechanical 
properties underposable to 
that of dentin or enamel 
improve the biomechanical 
behavior of the restored 
tooth reducing the areas of 
high stress concentration. 
Conclusion 
This numeric investigation 
suggests that the 
endocrown 
provides sufficient fracture 
resistance only in a shallow 
cracked premolar with 
endodontic treatment. The 
conventional 
crown treatment can 
immobilize the premolar for 
different cracked depths 
with lower failure risk. 
Load distribution in the 
remaining tooth is similar 
with a 
monobloc and an endo-
crown with primary 
abutment. For both endo-
crowns, the region of load 
application plays a major 
role for their survival. The 
closer the region of the 
applied load to the 
restoration–tooth junction, 
the more desirable is the 
distribution of the load in 
the rest of the restored 
tooth. 
Endocrown restorations 
presented greater fracture 
strength than indirect 
conventional crowns 
associated 
with glass fiber posts and 
resin composite filling 
cores. For both groups, the 
failure pattern was 
characterized by fracture of 
the tooth associated with 
displacement of the 
restoration on the opposite 
side. 
The endocrown 
is na alternative to 
conventional treatment, and 
should be 
considered as a feasible 
conservative and esthetic 
restorative 
approach for endodontically 
treated premolars. 
 
This investigation implies 
that the endocrown can be 
considered as a 
conservative, aesthetic, and 
clinically feasible restorative 
approach for endodontically 
treated maxillary premolars. 
This numeric investigation 
suggests that endocrown 
and conventional 
crown restorations for 
endodontically treated 
premolars with MODP 
preparation present similar 
longevity. 
 
The higher deformability of 
composites could enable 
restorative systems to 
transfer limited strains to 
compact and spongy bone 
of tooth socket. Composites 
could not prevent the 
physiological resorption of 
the alveolar bone, they 
could successfully reduce 
strain arising in tooth socket 
when compared to alumina. 
The PDL prevented bone to 
undergo high deformations, 
resulting in natural flexural 
movements of teeth. 
 
Marginal continuity of the 
crowns studied was better 
and more stress resistant 
when posts and cores 
were included in the 
restoration of 
endodontically treated 
teeth with complete 
ceramic crowns. The 
placement of a post-and-
core foundation did not 
influence the pattern of 
failure. 
The use of endocrown 
restorations present the 
advantage of reducing the 
interfaces of the restorative 
system. The choice of the 
restorative materials should 
be carefully evaluated. 
Materials with mechanical 
properties similar to those 
of sound teeth improve the 
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All-Ceramic Crown and  Endocrown 
Restorations: A 7-Year Survival Rate 
Study. 
No post-no core approach to restore 
severely damaged posterior teeth an 
up to 10-year retrospective study of 
documented endocrown cases. 
Management of large class II lesions in 
molars: how to restore and when to 
perform surgical crown lengthening? 
 
Lithium silicate endocrown fabricated 
with a CAD-CAM system: A functional 
and esthetic protocol. 
 
Using modified polyetheretherketone 
(PEEK) as an alternative material for 
endocrown restorations: A short-term 
clinical report. 
 
CAD/CAM Endocrown Fabrication from 
a Polymer-Infiltrated Ceramic Network 
Block for Primary Molar: A Case 
Report. 
 
Endocrown with Leucite-Reinforced 
Ceramic: Case of Restoration of 
Endodontically Treated Teeth. 
 
Year 2017 2017 2017 2016 2016 2016 2015 
Journal 
The international journal of 
prosthodontic 
Journal of dentistry Restorative Dentistry Endodontics The Journal of Prosthetic Dentistry The Journal of Prosthetic Dentistry The Journal of Clinical Pediatric Dentistry Case reports in dentistry 
Author Fages M, et al,. Belleflamme M, et al,. Blanco A, et al,. Cunha L, et al,. Zoidis P, et al,. Bilgin M, et al,. Da Cunha L, et al,. 
Aim of study 
The objective of the present 
study was to analyze the clinical 





over a 7-year functional period. 
Of these reconstructions, 212 
were peripheral crowns and 
235 were 
endocrowns 
To evaluate the 
documented cases of lithium-disilicate 
reinforced glass-ceramic, artisanal 
composite and CAD-CAM composite 
endocrowns performed in the 
Department of Fixed Prosthodontics of 
the University of Liège using the IDS 
procedure; (correlate failures with 
clinical parameters such as residual 
tooth tissue amount, tooth preparation 
characteristics and occlusal  parameters. 
To present a decision tree for decision 
making for class II cavities on molars 
with increasingly large vertical 
dimensions. We aim to classify 
schematically from a 
multidisciplinary perspective, the best 
treatment option in each case, 
including both the 
choice of restoration (direct or 
indirect) and the management of the 
cavity margin (DME or 
surgical crown lengthening [SCL]) if 
necessary. 
 
To presents a protocol for the 
fabrication of a lithium silicate-
based endocrown, using the CAD-
CAM biogeneric technique. 
 
To describes the use of a modified 
polyetheretherketone PEEK  (BioHPP) 
framework material veneered with 
indirect 
light-polymerized composite resin for 
the fabrication of 
an endocrown restoration. 
To present the case of a primary second 
molar with  profound caries treated first 
with pulpotomy, followed by restoration 
with a CAD/CAM PICN endocrown and 6 
months of successful follow-up. 
To describes an aesthetic and conservative 
posterior endocrown restoration of a nonvital 
tooth using VITA-PM9. 
Type of 
study 
Retrospective (7 years) Retrospective (10 years)  Dental thecnique Clinical Report Case report Case report 
Number of 
samples 
447 restorations 447 restorations 7 molars Right mandibular first molar Right maxillary second molar Right mandibular first molar from children Right mandibular first molar 
Inclusion 
Criteria 
Between 2003 and 2008, 323 
patients received 447 crowns or 
endocrowns on molars in a 
private dental practice by the 
same dentist. 
In function of 
the level of damage of residual tooth 
tissues after preparation, from 1 to 3. 
n.i n.i n.i n.i n.i 
Exclusion 
Criteria 
tooth absence on the opposing 
arch, parafunctions, bruxism, 
psychologic disorders, and 
inability to return for follow-up 
visits for 5 years after 
prosthesis placement 
n.i n.i n.i n.i n.i  
Groups 
Analysed 
212 peripheral crowns 
235 endocrowns 
n.i 
1-Supragingival caries does not reach 
the pulp – direct restoration. 
2-Supragingival caries invading the 
pulp tissue - Direct or indirect 
restoration 
3-Juxta-gingival decay that reaches the 
pulp - direct restoration or 
endocrown. 
4-Caries invades the gingival sulcus 
and the pulp chamber – endocrown. 
5-Caries with a margin in the 
junctional epithelium and reaching the 
pulp - endocrown. 
6- Caries invades the connective 
tissue and pulp – endocrown. 
7- Decay that reached the bone level 
and invaded the pulp chamber – 
endocrown. 
 
n.i A 35-year-old man patient A 7-year-old male patient A 23-year-old female patient 
  87 
Material 
Alumina silicate ceramic 
(Vitablocs Mark II; Vita 
Zahnfabrik) 
 
Composite Ceram.X mono M2 (DeTrey 
Dentsply) 
Lava Ultimate CAD/CAM, 3M ESPE, St. 
Paul, MN, USA 
 
Lithium disilicate 
(Suprinity 1M1 HT; VITA 
Zahnfabrik) 
 
Peek ceramic fillers 
(BioHPP; Bredent GmbH) 
CAD/CAM PICN block (VITA ENAMIC; VITA 
Zahnfabrik 
H. Rauter GmbH & Co. 

























Of the 447 restorations, only 6 
failures occurred, resulting in a 
success rate of 98.66%. All of 
the failures were the result of a 
partial ceramic fracture. Of the 
six ceramic fractures, five 
appeared on peripheral crowns 
and one on an endocrown. All 
fractures appeared in the first 
24 months, including two in the 
first month. Log-rank test 
comparing incidence rates 
between crowns and 
endocrowns showed no 
significant differences (P = .08). 
 
48.4% of patients were shown to present 
occlusal risk factors. 75.8% of 
restorations were Class 3 endocrowns. 
56.6% were performed on molars, 41.4% 
on premolars and 2.0% 
on canines. 84.8% were performed in 
lithium-disilicate glass-ceramic and 
12.1% in Polymer-Infiltrated Ceramic 
Network (PICN) material. The survival 
and success rates of endocrowns 
were 99.0% and 89.9% respectively, 
while the 10-year Kaplan-Meier 
estimated survival and success rates 
were 98.8% and 54.9% respectively. Ten 
failures were detected: periodontal 
disease (n=3), endocrown debonding 
(n=2), minor chipping (n=2), caries 
recurrence (n=2) and major fractures 
(n=1). Due to the reduced amount of 
failures, no statistical correlation could 
be established with clinical parameters. 
n.i n.i 
The elastic modulus of the 
polyetheretherketone framework (4 
GPa) veneered with indirect composite 
resin could dampen the occlusal forces 
protecting tooth structures better 
than ceramic materials. 
Over the 9-month follow-up period, no 
pulpal or periradicular pathology was 
observed on radiographs. Regarding the 
crown, the marginal fit was excellent, the 
anatomical form was protected, and no 
discoloration occurred. 
The VITA-PM9 system, a leucite-reinforced 
glass ceramic, has been increasingly used in a 
variety of clinical situations due to its 




This survival rate study 
reinforced the use of CAD/CAM 
full ceramic crowns and 
endocrowns on molars, 
showing a much more 
favorable survival rate for 
endocrowns. 
Endocrowns were shown to constitute a 
reliable approach to restore severely 
damaged molars and premolars, even in 
the presence of extensive coronal tissue 
loss or 
occlusal risk factors, such as bruxism or 
unfavorable occlusal relationships. 
Controlled clinical trials should be 
conducted to achieve a high level of 
evidence in this field.However, within 
the limits of this study, the type of 
restoration in molars of class II will 
depend on the amount of healthy 
tooth structure remaining. Whenever 
we can use a matrix that allows raising 
the margin predictably, we can 
perform a DME. In cases with invasion 
of the connective tissue or bone crest 
or those with deeper margins, crown 
lengthening surgery is indicated 
(whenever periodontally possible), as 
an attempt to achieve the highest 
possible long-term success of the 
restoration. 
With this protocol, the occlusal 
anatomy can be easily adjusted 
before final sintering, and shade 
customization 
and predictable characterization 
can be performed in a single visit 
PEEK could be considered an 
alternative framework material for 
endocrown restorations. Further long-
term clinical evidence is required to 
demonstrate the use of this material 
as a substitute for conventional 
ceramic or metal ceramic crowns for 
endodontically treated teeth. 
During follow-up, the CAD/CAM PICN 
block endocrown proved to be a good 
material for the short- to long-term 
treatment of a primary tooth. However, 
more clinical cases and follow-up are 
required to investigate the long-term on 
antagonist teeth from long-term wear. 
Theendocrown ceramic restoration using the 
VITA-PM9 system is a feasible and 
conservative approach for mechanical and 
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Title 
Restoration of endodontically treated 
molars using all ceramic endocrowns. 
 
 
The endocrown: an alternative approach 




Crown and post-free adhesive 
restorations for endodontically treated 
posterior teeth: from direct composite 
to endocrowns. 
 
Fiber-reinforced resin coating for 




clinical examination of CAD/CAM 
crowns for restoring endodontically 
treated molars 
 
Endocrowns: a clinical report. 
 
Clinical evaluation of adhesively placed 
Cerec endo-crowns after 2 years--
preliminary results. 
 
Year 2013 2013 2013 2013 2010 2008 1999 * 
Journal Case reports in dentistry 
Journal of esthetic and restoratorative 
dentistry 




International Journal of Computerized 
Dentistry 
Quintessence International Journal of Adhesive Dentistry 
Author Carlos R, et al,. Biacchi G, et al,. Rocca G and Krejci I Rocca G, et al,. Bernhart J, et al Lander E and Diestschi D Bindl A and Mörmann W 
Aim of 
study 
To present paper two ceramic 
endocrowns fabricated by different 
methods are presented as case reports. 
To discuss the 
indication and use of the endocrown to 
replace single crowns with intraradicular 
retention, and present a clinical case 
report on the 3-year clinical follow-up of 
an endocrown restoration, fabricated 
from injected lithium disilicate ceramic 
(IPS e.Max Press/IvoclarVivadent), 
performed in a mandibular first molar 
with extensive coronal destruction from 
fracture. 
To show amodern therapeutic 
approach based 
entirely on adhesive dentistry. The 
fabrication 
of direct and indirectadhesive 
restorationson endodontically treated 
teeth (ETT) is illustrated in 
somerepresentative clinical cases. A 
new rationale is also presented 
to help the operatorin choosing the 
correct 
adhesive restorationaccording to the 
tooth cavity configuration and the 
tooth’s esthetic needs 
To present a technique that will allow 
the reinforcement of the cavity of an 
ETT, as opposed to the restoration. 
To evaluate the clinical suitabiliity of 
Cerec #D endocrowns over a period of 
two years. 
To describes the rationale and clinical 
guidelines for the 
placement of endocrowns. 
 
 
To evaluate the 
survival rate and the ciinical quality of 
CAD/CiM 
endo-crowns after 2 years. 
Type of 
study 
Case report Clinical article Clinical research Technical Report Clinical study Clinical report Clinical research 
Number of 
samples 
2 Lefts mandibular first molars Left mandibular first molar n.i Right maxillary first molar n.i n.i  
Inclusion 
Criteria 
n.i n.i n.i n.i 
- Patient at least 18 years old; 
- good compiance; 
- good oral hygiene 
n.i 
Ali patientsparticipated in an individual 
orai hygiene recall program monitored 
by adentai hygienist.The patientsWith 
Cerecendo-crowns thathad a 
servicetime ofmore than 14months 
were contacted. 13(4 female, 9 male) 
Out of 33 atients with 19 computer 
endo-crowns (4 premoiars, 15 moiars) 
Were examined. The recall rate was 
40%, because the foilowup examination 
was done within a short period of three 
months. The Cerecendo-crow 
treatment inthese cases had beendone 
by 7 dentists, 
Exclusion 
Criteria 
n.i n.i n.i n.i 
- bruxism 
- occlusion disorders 
- periodontitis 




A 32-year-old female patien 
A 26-year-old female patient 
A 52-year-old man patient 
1-Class I, maxillary first molar restored 
by direct composite resin. 
2-Class II (MO), maxillary first molar 
restored by direct composite resin. 
3-Class II (MOD), maxillary second 
premolar restored by indirect 
composite resin. 
4-Class II (ODP) maxillary first premolar 
restored by lithium dissilicate 
endocrown. 
5- Class II (MOD) maxillary first molar 
restored by composite resin 
endocrown. 
6- Class II (MODP)maxillary first 








A 32-year-old woman patient 
O que devo colocar neste caso? 
 
Pois esse estudo foi feito uma análise 
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Material 
Monolithic solid zirconia block (Metoxit 
AG, Thayngen, Switzerland); 
Lithium-disilicate glass ceramic ingots 




Llithium disilicate-based ceramic (IPS 











composite resin block (LAVA Ultimate, 
3M 
ESPE AG, Seefeld, German 
Alumina silicate ceramic (Vitablocs 
Mark II; Vita Zahnfabrik) 
IPS Empress 2 ceramic 
(Ivoclar Vivadent) 
Ceram Alumina/Spinell (Vita Mark 




The 28-month followup of both types of 
endocrowns 
showed no esthetic and functional 
degradation. These results are in 
agreement with the previous studies [2, 
8, 9]. 
On 3-year follow-up, it was found that 
endocrown 
restorations could be made following 
the development of reinforced ceramics 
that can be acid etched, that have 
aggregate strength and esthetics, that 
bond to the dental structure, and that 
have developed from broader 
knowledge 
of the biomechanical behavior of 
depulped teeth restored with and 
without intraradicular posts. 
 
n.i n.i 
The 2 year survival rate of the Cerec r 
endocrowns was 90%. Two out of 20 
endocrowns werw assessed as failure 
because of fractures. The first fracture 
was observed after 12 months and the 
second fracture after 18 months. No 
recurrent caries was diagnosed. Slight 
percurssion symptoms were found on 
three restorations in the first weeks 
after placement. 
The 3-year follow-up radiograph (a) 
and clinical views (b, c) show the 
satisfactory behavior of the 
restorations and their 
limited impact on marginal tissue 
health. In addition, one can 
appreciate the positive influence of 
adhesion on restoration stability and 
tissue preservation. The placement of 
conventional post and core on these 
teeth would lead to greater weakness 
and impaired biomechanical 
behavior. 
The service time of the 19 endo-crowns 
was 14 to 35.5 (x ± SD: 26±6¡ months. 
One molar endocrown failed after 28 
months because of recurrent caries. 
Conclusion 
Based on current evidence, endocrowns 
fabricated using CAD/CAM and 
pressable ceramic technology can be 
considered as a reliable option for the 
restoration of moderately mutilated 
endodontically treated posterior teeth. 
However,long-term followup and 
longitudinal clinical studies are needed 
to ensure their overall success. 
 
Clinical studies haveshown that the 
endocrown has functional longevity, and 
has become a promising alternative in 
the esthetic and functional recovery of 
endodontically treated molar teeth. 
By relying on adhesion, radicular posts 
are no longer necessary on devitalized 
molars, and at the present moment it is 
difficult to decide if posts are necessary 
on premolarsand front teeth. If yes, 
they may only be considered in the case 
of extreme coronal destruction, without 
having clear scientific evidence on their 
necessity and exact indication. If used, 
adhesive posts in a minimally invasive 
restorative concept do not represent a 
micromechanically retentive element. 
They serve much more as a glass fiber 
reinforcement of a short radicular inlay 
that searches to increase adhesive 
surfacewithin the root canal to increase 
adhesive retention. Finally, it is 
importante  to note that accurate case 
selection and rigorous execution of 
adhesive procedures are essential for 
the accomplishment of this full 
adhesive strategy. 
 
Adhesive overlays, often called 
endocrowns, are increasingly used as 
a restorative alternative to full crowns 
for nonvital teeth. Their advantages ar 
minimal invasiveness, simpler 
preparation, and optimal coronal seal. 
The risk associated with these 
restorations is rare but may result in a 
catastrophic 
vertical fracture of the tooth-
restoration complex, often leading to 
the extraction of the tooth. The 
presented clinical technique with FRC 
reinforcement of the resin-coating 
layer was developed for use with 
CAD/CAM composite or ceramic 
restorations. It may 
reduce this risk of extensive fractures 
and thus improve the success rate of 
this type of restorationon nonvital 
teeth. 
The results show that good esthetic 
and funcional results similar to those 
of other restoration types can be 
achieved with endocrowns and that 
CAD/CAM-fabricated crowns 
represent a very promising treatment 
alternative for endodontically treated 
molars. 
This technique represents a promising 
and 
conservative alternative to full crowns 
for the treatment of posterior 
nonvital teeth that 
require long-term protection and 
stability 
For the clinical retention of Cerec endo-
crowns, a carefully controlled adhesive 
technique is essential. Though 
experience is still limited, the overall 
clini cal quality of the Cerec endo-
crowns examined in this study may be 
rated as very good. The clinical 
application of Cerec endo-crowns is a 
promising and efficient treatment 
method for crown reconstruction of 
































































Dentro das limitações deste estudo, pode-se concluir que, o procedimento 
restauração indireta do tipo onlay, para os preparos mais conservadores, sem caixas 
proximais e oclusal tiveram melhor desempenho mecânico comparado as onlays 
converncionais. Além disso, os preparos conservadores apresentaram menores 
volumes de bolhas e porosidades no cimento resinoso quando comparados aos 
preparos com as caixas. Em relação ao material cerâmico, tanto no teste de resistência 
à fratura, quanto nas análises em elementos finitos e análise no microCT, as cerâmicas 
reforçadas por leucita influenciaram em menor resistência à fratura, menor tensão e 
menor porosidade e volume de bolhas, respectivamente, o que poderia ser 
considerado esta técnica clinicamente aceitável. 
Das diversas opções restauradoras para dentes tratados endodonticament com 
ampla destruição coronária, a técnica para Endocrown permite a conservação da 
dentina e do esmalte periférico, mantendo a estabilidade marginal, a resistência às 
cargas mastigatórias, com preparos menos invasivos. O procedimento restaurador 
Endocrown apresenta boas perspectivas clínicas para tratamento de molares 
despolpados do ponto de vista funcional e estético devido aos resultados dos trabalhos 
laboratoriais., porém, como observado na revisão sistemática, é necessários mais 
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